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Electron-beam Welding Unit Demonstrated in New York 


At a recent press luncheon held 
in New York City, Hamilton Stand- 
ard, division of United Aircraft 
Corp., announced the acquisition of 
exclusive manufacturing rights in 
the U. S. and Canada for the Zeiss 
electron-beam welding machine. 
The unit which was developed in the 
laboratories of the reorganized Carl 
Zeiss Foundation at Oberkochen, 
West Germany, will be marketed by 
Hamilton-Electrona of New York 
City. 

Acquisition of the manufacturing 
rights represents another step in the 
deversification program of the well- 
known aircraft propeller company 
located at Windsor Locks, Conn. 
It was reported that production will 
begin this year. The equipment 
will be called the Hamilton-Zeiss 
electron-beam machine. 

The machine is adaptable to 
welding or cutting and milling func- 
tions. In operation, a beam of 
high-energy electrons is focused on 
a workpiece mounted in a vacuum 
chamber. Most of the kinetic en- 


ergy of the electrons is converted to 
upon 


heat impact. The result- 


One-pass electron-beam 
weld made in 0.400-in. thick 
stainless steel 
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ing temperature can be precisely 
controlled so as to result in fusion, 
as for welding, or in vaporization, 
as for milling. In either case, the 
action takes place over a very small 
area of the workpiece resulting in 
very high energy densities. 

When used for welding, a focal spot 
of about 0.001 in. gives an energy 
density of about 140 megawatts in’, 
making possible a narrow fusion zone 
with a depth-to-width ratio as high 
as 20:1. The high vacuum at- 
tained in the chamber (10 -‘ mm hg) 
makes possible welds of high purity 
having superior physical character- 
istics. The extremely rapid heating 
and cooling is said to reduce to a 
minimum all thermal effects of weld- 
ing. The various welding applica- 
tions of the process are directed 
toward the hard-to-weld metals 
extensively used in rockets, missiles, 
supersonic aircraft and in delicate 
electronic devices. 

When used for milling and cutting 
operations, the electron beam is 
focused to an even smaller spot. 
Holes smaller than 0.0008 in. diam 
and slots with dimensions less than 


The Hamilton-Zeiss electron-beam machine looks 
like an electron microscope. 
through binoculars 


Work is viewed 


0.004 in. can be made. The energy 
density for these operations runs to 
the order of 600 megawatts /in’. 
As in welding, the motion of tke 
focal spot is governed by a magnetic- 
force deflector control. Typical ap- 
plications are drilling of such hard 
materials as glass, quartz, sapphire 
bearings and the machining of small 
profiles such as are found in spin- 
nerets, injection nozzles and vapor- 
ization masks. 

The machine is said to lend it- 
self to automation. Various tape- 
controlled programs have been 
tested successfully in the laboratory. 


A. B. Kinzel Honored 


Dr. Augustus B. Kinzel @3, vice- 
president-research, of Union Car- 
bide Corp., and one of the na- 
tion’s foremost metallurgical scien- 
tists, has been named by the Ameri- 
can Institute of Mining, Metallurgi- 
cal and Petroleum Engineers for its 
James Douglas Gold Medal. 

This latest distinction in a career 
frequently signalized by high pro- 
fessional and academic honors, was 
conferred during the AIME Annual 
Meeting held in New York Feb. 
14-18, 1960. Dr. Kinzel was se- 
lected ‘‘for outstanding contribu- 
tions and inspiring leadership in the 
field of electrolytic and_ electro- 
thermic winning of nonferrous metals 
and for his notable administrative 
ability.” 

Among his many affiliations, Dr. 
Kinzel was President of AIME in 
1958 and has been a member since 
1926. He is president-elect of En- 
gineers Joint Council, and is chair- 
man of the Engineering and Indus- 
trial Research Division of the Na- 
tional Academy of Science, Na- 
tional Research Council. 

He is past chairman of the Engi- 
neering Foundation Board, the 
Welding Research Council, and 
former vice-president of the Inter- 
national Institute of Welding. Dr. 
Kinzel delivered the Adams Memo- 
rial Lecture in 1944 and received the 
Samuel Wylie Miller medal in 1946. 


Harnischfeger Reports Growth 


Harnischfeger Corp., has just 
experienced one of the healthiest 
growth years in its entire 75-yr 
history. It was reported that the 
$70-million corporation “‘has under- 
gone substantial progress in all five 
divisions during the past year’”’ and 
that a program of reorganization 
has been successful. Total per- 
sonnel has increased 17% to more 
than 5000 employees; sales in- 
creased 20% to $83 million; and 
profits rose from a “break-even” 
$45,000 to $2.5 million. 
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RECTIFIER WELDER will lower your welding costs — 


These built-in extras cost you nothing — but they definitely make themselves 
known by increasing your overall profit. They give you the advantage of higher 
efficiency, lower maintenance costs, a wide welding range and dependable 
operation year after year. 


M 


AC Transformer a “Hustler” of th 
Welders ee AC Shop Most complete |; © world’; 
type welders ete line of are weldin 
Combination “Triple ©9vipment,” 
Welders Utility 
AC shop 
type welder 


HOBART WELDERS and 
HOBART ELECTRODES 


. . . guaranteed controlled 
quality from raw materials 
to the finished product. A 
simple comparison proves 
their superiority. 
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Sinclair Refining Co. 


The knocked-down sections 
of this 18- to 20-ft-diam cone 
section form part of the gas 
and radiation sealing system 
of the Enrico Fermi Atomic 
Power Plant, Monroe, Mich. 
The 8 sections are being fit- 
ted at R. C. Mahon Co., 
Detroit, Mich. 
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Said to be the largest of their type, these 223,000-bbl tanks are 200 ft in diam and are equipped with floating roofs. 
Erected by Chicago Bridge and Iron Co., Chicago, Ill., the tanks hold finished products at the largest refinery of the 


This catamaran, with twin 45- 
ft welded hulls made from 
aluminum alloy 5086, has a 
top speed of 20 knots. 
Built by Forster Shipbuilding 
Co., Inc., Terminal Island, 
Calif., the boat has success- 
fully withstood severe tests. 
(Courtesy Kaiser Aluminum 
and Chemical Corp.) 
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SILVALOY BRAZING SAFEGUARDS JOINT STRENGTH OF RYAN CRYOGENIC VESSELS 


The liquefied gas storage vessels manufactured by Ryan Indus- 
tries, Inc., foremost manufacturer in this field, are subject to 
pressures to 500 p.s.i.— temperatures to minus 320°F. and 
vacuum less than 10 microns absolute pressure. The joints in 
the “plumbing and valving’ of these vessels must safely with- 
stand the extremes in temperature and pressures encountered 
in the storage and transfer of liquefied gases. 


Ryan Industries depends upon Silvaloy Brazing Alloys and 


Fluxes to provide the necessary extra strength and leakproof 


characteristics required in joining valves, regulators, filters, 
thermometers, gauges, level indicators and fittings in the con- 
trol cabinet. The quality of Ryan products is insured — with 
Silvaloy joints—as strong as or stronger than the parent metals. 
Silvaloy Brazing Alloys and Fluxes are helping to speed pro- 
duction, lower costs and improve results in many fields. Call 


your nearest Silvaloy Distributor for information or assistance. 


* 


RYAN INDUSTRIES, INC. 


of Cleveland, Ohio, manufacture liquefied gas storage vessels 
ranging in capacity from 3000 to 1,500,000 standard cubic feet. 


Two complete reference manuals 


for low-temperature silver brazing / St if 


SILVALOY D I and fluxing are available upon re- 
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FRANCE 


Welding Studies 


A study of drop transfer from '  ;- 
in. bare and wash-coated steel 
electrodes in air at 80 to 120 amp is 
reported in the May-June issue of 
the French welding magazine, Sou- 
dage et Techniques Connexes. On 
straight polarity a coating of 0.18% 
SiO., 0.19% TiO., 0.23% CaCO; or 
0.5% BaCO, reduced the average 
volume of drop from 8 mm‘ to 1 to 
4 mm*. On reverse polarity the 
average drop volume was 2 mm’ for 
the bare wire and about 15 mm‘ for 
wires coated with BaCO, or CaCO). 
On straight polarity the melting rate 
was lowered 60 to 75% by the 
coverings. 

The combined use of spot welding 
and tungsten-electrode welding for 
the production of a steel vessel clad 
with titanium sheet 0.032-—0.047 in. 
thick is described by a representa- 
tive of Shell Laboratories in Am- 
sterdam. The only two sources of 
difficulty were accidental loss of 
argon shield and difficulty in making 
butt welds in the thin sheet. 


WEST GERMANY 


Manufacturing Statistics 


The annual economic survey of 
the West German welding equip- 
ment industry appeared in the July 
1959 issue of Schweissen und Schnei- 
den. This review for 1958 was 
based on statistical reports of the 
Central Assn. of the Electrotechni- 
cal Industries and on other sources. 
Industrial production was slow dur- 
ing the first half of 1958, then picked 
up toward the end of the year and 
continued at a high level into 1959. 
Pickup occurred principally in con- 
sumer goods, radios, TV, washers, 
refrigerators and other electrically 
powered household appliances. 
These amount to $990 million (1 
mark = 23'/.¢), or 28% of the entire 
production of the electrical industry. 
Pickup also occurred in automatic 
equipment, including welding equip- 


Dr. GERARD E. CLAUSSEN is associated with 
Arcrods Corporation, Sparrows Point, Md. 
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ment, to make up for the shortage of 
labor. The total output of the 
electrical industry was $3500 
million, of which $20.4 million was 
welding equipment. The output of 
welding equipment in the second 
half of 1958 was $11.1 million di- 
vided into the following categories 
by percent: rotating generators 
14%, transformers 22%, rectifiers 
7%, spot welders 18%, seam welders 
6%, butt welders 8%, other equip- 
ment 7%, controls and parts 18%. 

The low figure for rotating gene- 
rators is accounted for, in part, by 
heavy imports. With 1951 as 100, 
the total value of output of the 
electrical industry in 1958 was 262, 
the total value of welding equip- 
ment produced was 296, and the 
tonnage of welding electrodes pro- 
duced was 203. With 1936 as 100, 
the total value of the output of the 
electrical industry in 1958 was 172. 
While the value of all types of weld- 
ing equipment production rose from 
$16.7 million in 1955 to $20.4 
million in 1958 there was a decrease 
in the number of units produced in 
some categories. For example, the 
number of rotating generators up to 
400 amp fell from 4900 in 1955 to 
3500 in 1958. The number of arc 
welding transformers up to 400 amp 
rose from 16,000 in 1955 to 21,000 
in 1958. 

Exports of welding equipment 
amounted to $7.8 million, which was 
39% of the total production, com- 
pared with 32% in 1956, and 20% in 
1936. European countries pur- 
chased 75% of the exports. The 
USA received only a small part of 
the exports: $13,000 as arc-welding 
power supplies, $22,000 as resist- 
ance welders and $70,000 in the other 
categories. Imports of welding 
equipment amounted to $2,000,000, 
principally from Austria, Sweden 
and Switzerland. The author of the 
survey concludes that existing manu- 
facturing capacity in Germany is 
ample to keep pace with even higher 
production rates than in 1958. 


Technical Papers Presented 


The June issue of the West Ger- 
man welding magazine contains 21 
papers on the latest welding appli- 


by Gerard E. Claussen 


cations. These papers were read at 
the Annual General Meeting in 
Berlin. Two papers discuss welded 
steel cranes, reactor enclosures, and 
hot stoves for atomic energy plants. 
Other topics are prefabrication of 
high-pressure boiler piping, welding 
stainless-clad steel, nickel-molyb- 
denum alloys, and titanium, CO, 
welding of steel, semiautomatic 
apparatus for welding plastics, spot- 
welded agricultural machinery, sub- 
merged-arc welded automobile 
wheels, welded gates for the Bhakra 
Dam and welded ships launched in 
two parts and put together in a 
floating dock. Other articles de- 
scribe a welded 50-ton pig-iron 
transport car, an arch bridge of 183- 
ft span combining welding and 
high-tensile bolts, welded dock 
cranes and 4500-ton floating dry- 
docks. 


SWITZERLAND 


Welding Applications 


The Swiss firm of Oerlikon se- 
lected four articles on welding appli- 
cations for the 34th issue of its 
house organ, O6erlikon Schweiss- 
mitteilungen. One _ article’ de- 
scribes weld repairs, including the 
submerged arc build-up of wheel 
flanges. Another describes in de- 
tail the fitting together and se- 
quence of welding storage tank 
bottoms 100 ft in diameter, */, in. 
thick. The underwater crossing of 
the Rhine by an oil pipe line is the 
subject of another article. The 
fourth illustrates the production- 
line manufacture of heavy-walled 
tanks */, to 1°/s in. thick. 


RUSSIA 


Welded Pipe Lines 


As the February issue, the March 
issue of the Russian welding engi- 
neering magazine Svarachnoe Proiz- 
vodstvo features six articles on welded 
oil and gas pipe lines. The first 
article describes the manufacture 
of pipe, the longitudinal seam being 
welded first from outside, then from 
the inside by submerged arc. 
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FLUX ADHERES 
TO THE WIRE 


Magnetizable flux, carried in stream of 
CO; shielding gas, clings to bare wire 
fed automatically into weld zone. Flux 
refines weld metal, prevents contami- 
nation, controls contour, lowers cooling 
rate, and stabilizes arc. 


Oil storage tank UNIONARC welded 
by Ellerbee Brothers, Port Arthur, Texas 


WELDING TIME 62% 


LINDE’s new, portable CO. magnetic flux UNionarc UAM-2 welding machines, 
used to field-erect three oil storage tanks, paid for themselves in time savings alone 
.. . depositing as much metal in one pass as coated electrodes did in three. Over 
10,000 ft. of welds without a single defect ... welding man-hours cut from 1850 to 
700... cleaning costs cut two-thirds. 

UNIONARC welding, fastest manually-operated method for welding steel, uses 
low-cost carbon dioxide, magnetic flux, and a continuously-fed wire electrode ... 
all automatically controlled. No stopping to change electrodes. No plate prepara- 
tion necessary. X-ray quality welds in all positions. Complete penetration despite 
normal rust. Negligible spatter. Requires less operator skill than coated electrodes. 
Deposits 9 to 18 lbs. of weld metal per arc hour (3/32-in. wire, 300 to 500 amperes). 


Write for booklet (F-1376) on other cost-saving 

UNIONARC welding applications: Dept. WJ-03, 

Linde Company, Division of Union Carbide Corpo- 

ration, 30 East 42nd Street. New York 17, N. Y. 

Terms “Linde,” “Union Carbide,” and “Unionarc” 

are trade marks of Union Carbide Corporation. 
For details, circle No. 4 on Reader Information Card 


WELDING JOURNAL | 203 


~ 


| 
WELDING WIRE 
FLUX AND | 

< 
NOZZLE 

4 
| 
| Le SS 


The second article describes field 
and shop equipment for automatic 
welding of circumferential seams us- 
ing fixed heads with two electrodes 
of 0.039 in. diam and CO, protection. 
Either constant potential or droop- 
ing characteristic power supplies 
is used. 

The method of clamping and sub- 
merged arc welding circumferential 
joints in the field is described in the 
third article. No backing ring is re- 
quired for pipe 29 in. diam, 0.32 
0.36-in. wall which is welded into sec- 
tions up to 165 ft long. Two elec- 
trodes 0.078 in. diam (0.10 max.% 
C, 0.80-1.10% Mn) are used at 600 
amperes with high-manganese flux 
at 17 to 18'/,ipm. The first pass is 
made with 0.32-0.39-in. electrode 
spacing, the second pass with 0.24 
0.32-in. spacing. 

The fourth article describes sug- 
gested improvement in details of 
pipe welding, such as remote con- 
trol of power supply and techniques 
of vertical-up welding with covered 
electrodes. 

In the fifth article, types of sub- 
merged arc fluxes and granulations 
for pipe line welding are discussed. 
Covered electrodes, including 6010 
and 7010 types, also are mentioned. 

The final article of the series refers 
to an outbreak of rejections by 
gamma inspection which revealed 
slag at the root of submerged arc 
welds made in the field. By reduc- 
ing the arc voltage from 47-53 v to 
35-38 v at 450-500 amp, rejections 
were reduced to zero. 


Fabrication of huge member for repair 
of the Poniatowski Bridge, Warsaw, 
Poland. (Courtesy 
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Stud Welding 


In the same issue, Vainboim 
recommends a low-alloy steel with 
up to 0.3% carbon for studs for 
stud welding. He compares steel 
welding under flux, in argon, and 
with a porcelain ferrite, and found 
that the strength of welds made with 
each process was as high as the 
stud’s strength. The porcelain ring 
consisted of 37% hematite (27% 
free quartz), 13% quartzsand; 17% 
clay, 28% kaolin, 5% porcelain 
chips. 


Metallurgy 


The June 1959 issue of Svarach- 
noe Proizvodstvo contains the follow- 
ing articles: 

1. The grain structure of argon- 
arc and submerged-arc welds in 
aluminum containing 0.30% Fe, 
0.22% Si was changed from dendri- 
tic to equiaxed by addition of 0.6% 
zirconium. The zirconium was 
added through the filler wire in 
argon welding or through the sub- 
merged arc flux which contained 
40% K.ZrF,, 30% KCl, 20% NaF, 
10% LiF. 

2. The addition of 0.008 to 
0.0018% titanium to medium car- 
bon steel weld metal, welded by the 
submerged-arc process, lowered the 
transition temperature. Addition 
of 0.5% titanium reduced hot 
cracking, but lowered the notch- 
impact value a great deal. 

3. To avoid hot cracks in welding 
austenitic steel containing 0.10% C, 
14% Cr, 19% Ni, 2.5% W, 8% Cb, 
two lime-base fully austenitic elec- 
trodes were necessary. For the 
first pass, the weld metal contained 
0.16% C, 13.5% Cr, 15.5% Ni, 
1.6% Cb, while succeeding passes a 
similar weld metal but with 19% Ni, 
2% W was used. 

4. Magnetic determination of the 
percentage of ferrite in austenitic- 
ferrite stainless steel to estimate 
susceptibility to cracking during 
welding was made on a cast bar 
'/, in. in diameter of the steel to be 
welded. 

5. A steel containing 0.13% C, 
1.10% Ni, 1.3% Mn and 0.39% Cr 
was found to have a transition tem- 
perature of —94° F over a wide 
range of heat-affected zone cooling 
rates and a fatigue strength in the 
presence of fillet welds of 15,000 psi. 

6. A study of the cracking of cold- 
worked aluminum alloys in a cross- 
shaped lap-weld test showed that an 
alloy containing 2.8-3.0% Mg, 
6-7% Zn, 1.4-2.0% Cu and less 
than 0.2% Si was most resistant to 
cracking. 

7. The fatigue strength of the 


heat-affected zone of electroslag 
welds in cast steel containing 0.05%, 
C, 1.18% Ni, 0.85% Cu was the same 
as the weld metal, with or without 
heat treatment. The fatigue speci- 
mens were machined smooth and 
were 2 in. sq. 

8. The percentage of porosity in 
submerged arc-welded aluminum 
was measured by Archimedes prin- 
ciple. As water was added to the 
flux, porosity increased from 0 to 
12%. The porosity was concentrated 
in the weld metal along the fusion 
zone and represented bubbles pre- 
vented by the initial dendrites pro- 
jecting into the weld from rising to 
the surface with the arc-pumped 
liquid metal. 

9. Measurement of the throat 
distance of fillet welds made with 
up to ', in. root gap showed that, 
because the weld penetrated into the 
gap, no increase in designed throat 
was necessary. 

10. A preheat torch is described 
to reduce distortion in oxygen 
cutting. 


NETHERLANDS 


The Netherlands welding maga- 
zine Lastechniek for July 1959 con- 
tains two research reports from the 
Netherlands Center for Welding. 
The first describes a calibration 
block for ultrasonic testing. The 
block is 1-in. thick, is provided 
with two holes 2.0 and 0.06 in. 
diam and two notches, and weighs 
11 Ib. 


Fatigue Tests 


The second report describes fa- 
tigue tests of welded girders per- 
formed at the Delft Engineering 


College. The girders were of mild 
steel, the span being nearly 20 ft. 
In one girder the stiffeners were 
welded to the tension flange but the 
web plate was coped. Coping was 
omitted from the second girder. 
Both were stress relieved 1200° F, 
but slower heating and cooling 
were used with the uncoped girder. 
Fatigue tests were at 145'cycles per 
minute. The coped girder failed at 
57,000 lb, while the uncoped girder 
failed at 81,000 lb. It was con- 
cluded that coping produced un- 
favorable stress distribution in the 
web. Similar results were obtained 
with a girder with simulated trans- 
verse beam passing through the 
web. Welding both sides of the 
transverse beam to the web of the 
girder produced higher fatigue 
strength than welding only one side 
to the web. 
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““Un-weldable”’ is a word to be used with caution. 
Dissimilar materials, such as aluminum and steel, 
can now be fusion welded by electron bombardment. 
Pieces of widely varying thickness can be joined in 


a single pass. Foil is easy. And weldments, even of 
reactive and refractory metals, look and perform 
almost like a solid piece. 


These and other triumphs are possible with electron 
beam welders because: 


In most equipment the electron beam is generated 
by applying a high voltage between the work and 
the electron source, with the geometry of the latter 
focusing the beam. Disadvantages include: 


1. Gas bursts and metallic vapors cause frequent 
high voltage discharges. At best, these result 
in annoying interruptions, discontinuous 
welds, and short source life, and at worst, ex- 
tensive damage to the equipment. Attempts to 

reduce discharges by using large vacuum 


How Has NRC 


NRC has developed, proved, and applied for a patent 
on an electron beam welder which is as simple to oper- 


ate as a television set. It assures complete freedom 


from high voltage discharges and makes precision 


welding easy. Work geometry no longer is a problem; 


even corrugated pieces can be welded successfully. 


Secret of the NRC Welder’s success is its gun de- 


ELECTRON BEAM WELDER Lineor or circu or welds can be 
mode at speeds of 0 — 0.5 inch per second with the 
standord Model 2405 Electron Beam Welder. Offered / 
with a choice of 1, 3, or 6 KW power supply, it is easily / 
edopted for end or girth welding. / 


What Are the Advantages 
of Electron Beam Welding? 


ELECTRON BEAM FURNACE Reoctive 

or refractory metals can be melted in o 
standard Model 2460 Electron Beam 
Furnace to produce ultra high purity 

ingots up to 3” in diameter and 14” in 
length. Operation is easy and free from 
interruption. Special shielding prevents high 
voltage discharges. 


For details, circle No. 40 on Reader Information Card 


1. Operation under high vacuum prevents con- 
tamination, eliminates costs and uncertainties 
of inert gas. 


2. There is no electrode to contaminate the work. 
3. Surface oxides are cleaned up. 


Wide variations in total power and in power 
concentration are easily made. 


Spot size can be varied from 10 mils to more 
than 6 inches. 


Depth to width ratios of 2/1 are possible. 


What Have Been the Disadvantages? 


pumping systems and automatic protective 
devices add greatly to equipment cost and 
complexity. 


Short focal lengths of 12 to 1 inch pose prob- 
lems in welding anything but flat pieces and 
simple cylinders. 


Because the work piece is the anode, the 
electric field often changes as the weld pro- 
gresses. This affects the beam and makes 
precision welding difficult. 


Cured These? 


sign. Special shielding protects the gun against gas 
bursts and metallic vapors and prevents high volt- 


age discharges. Electro-magnetic focusing makes it 
easy to change the focal length from 1 to 10 inches 
and spot size from 10 mils up. Since the area below 
the gun is field-free, the electron path is unaffected 
by the shape of the work. 


NRC 


EQUIPMENT 
CORPORATION 


A Subsidiary of National Research Corp. — Dept. J-2 
160 Charlemont St., Newton 61, Massachusetts 
SALES OFFICES: Boston « Chicago « Cleveland « Detroit 
Houston « Los Angeles « New York « Palo Alto « Pittsburgh 
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So versatile it joins Nickel to 304, Nickel to 
mild steel equally well! It’s Inco-Weld “A”! 


Same unique Inco welding product (electrode or wire) successfully 
welds 97% of all dissimilar alloy combinations. 


The weldor pictured above is TIG 
welding a 9/16-inch Grade “A” 
Nickel bottom shell to a 5/32-inch 
Type 304 (18/8) stainless steel 
outer shell to complete a 600-gallon 
steam-jacketed kettle. 

When the picture was taken, the 
fabricator, J. C. Pardo & Son of 
Schenectady, N. Y. was also com- 
pleting a similar kettle formed of 
Nickel and mild steel. 

In both jobs, joining procedures 
and materials were exactly the same 
... initial tacking with Inco-Weld* 
“A” Electrode (that’s the one with 
the green flux coating)... finish 
welding with cut lengths of Inco- 
Weld “A” filler wire (inert gas). In 


both jobs, the welds are sound, strong 
and as corrosion-resisting as the most 
corrosion-resisting parent metal. 
Would these procedures and mate- 
rials have succeeded with other dis- 
similar alloy combinations? 
In most cases... yes! Inco-Weld “A” 
(electrode or wire) gives a high- 
quality weld in 97% of all dissimi- 
lar alloy combinations. Only rarely 
is a pre-heat or post-heat necessary. 

Imagine what this versatility can 
mean to you. Simplification all 
around ...in stockroom, in methods, 
in quality control... even in weldor 
training. 

Learn how much others are doing 
with Inco-Weld “A” welding prod- 


INCO. WELDING PRODUCTS 


electrodes wires fluxes 


TRADE MARK 
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ucts. Send for our useful booklet, 
“Now You Can Weld Dissimilar 
Alloys Quickly and Easily.” 


*Inco trademark 


You can join all of these . . . and 
many others . . . with Inco-Weld 
“A” Electrode and Wire 


304 to Monel* Nickel-copper Alloy 
304 to Carbon Steel 
Carbon Steel to Monel Alloy 


Carbon Steel to Inconel* Nickel- 
Chromium Alloy 


Nickel to Carbon Steel 

Nickel to 304 

Inconel Alloy to Hastelloy “C”’ Alloy 
10% Ni-Clad Steel to 10% Ni-Clad Steel 
Inconel Alloy to itself 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 
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When one views the advances in engineering 
arts and sciences throughout the history of man- 
kind, he is impressed by the increasingly rapid 
rates at which these advances have been made 
within the lifetime of many who are engaged in 
engineering professions at the present time. It 
was only forty years ago that the AMERICAN 
WELDING SOCIETY was organized. During World 
War I, the Emergency Fleet Corp. established a 
committee to consider the feasibility of con- 
structing welded ships in view of the then al- 
ready-recognized obstacle to rapid steel-ship 
production: the inability to produce a sufficient 
number of competent riveters. Although there 
never was produced during this period a welded 
ship, nevertheless the work of this committee 
had an important result in that some of its prom- 
inent members headed by Dr. Comfort Adams, 
realizing the great potentialities of this medium 
for the joining of metal components, took steps 
which led to the formation of the Society in 
1919, an organization which has and still is doing 
so much to promote and advance the art and 
science of welding in industry. 

During the period between the two great wars, 


AMERICAN BUREAU OF SHIPPING 


A Challenge to AWS 


the SociETY continued to grow and, under its 
auspices, many advances were made in improve- 
ments both in reliability and in the area of econo- 
mies and also in the elimination of numerous 
evils which were bound to occur in association 
with the rapid growing pains with which this new 
medium for joining metals was faced. 

We are very fortunate that this work was so 
diligently pursued since, had it not been for the 
large scale adoption of welding in the World 
War II shipbuilding program, it would not have 
been possible to produce the great numbers of 
ships required for the successful prosecution of 
that great operation. 

Since the war, engineering developments have 
been increasing at an unprecedented rate, not 
only in the areas of missiles and space ships but 
also in the more mundane areas of commercial 
structures for extremely high pressures at extreme 
temperatures; and it is incumbent upon the 
AMERICAN WELDING SOCIETY, through its facil- 
ities for exchange of information and for the 
coordination of research programs to provide 
services to the welding industry so that it may 
keep ahead of these developments. 


David P. Brown 


PRESIDENT 


EDITOR ASST. EDITOR PRODUCTION MANAGER = ADVERTISING ART 
B. E. Rossi Carl H. Willer Catherine M. O'Leary F. J. Talento Gil Miller 


OFFICERS OF THE SOCIETY 
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INDEED the center of attraction — The best and long- 
est lasting rectifier ever placed in a welding machine 


The mighty heart of the entire line of MILLER GOLD STAR 
WELDERS is the rectifier stack illustrated above. A MILLER 
designed, MILLER built and MILLER guaranteed component — 
one that has proven itself by establishing unprecedented per- 
formance records in the only service in which you are interested 
— arc welding. 


We, too, are interested in no other service. For that reason 
we have built, tested and retested welders utilizing every avail- 
able rectifier — and every time the answer is still the stack 
illustrated above. 


And the “secret” why this rectifier stack is superior to other 


similar devices? SIMPLE — MILLER research directed only to 
a better and better rectifier FOR WELDING ONLY — MILLER 
quality production control directed toward a uniformly high 
standard product — MILLER production techniques involving 
extensive automation and electronic process regulation — and 
MILLER “know how” gained as the largest producer of rectifier 
type welders. 


For a more detailed treatment of this subject, you are 
invited to ask for a free copy of ‘A New Performance 
Record in Rectifiers,"’ written by our director of research, 
G. K. Willecke. 


©? Electric Manufacturing Company, Inc. 


ETON, WISCONSIN 
EXPORT OFFICE: 250 West 57th St., New York 19, N.Y. © Distributed im Canada by Canadian Liquid Air Co., Ltd., Montreal 
For details, circle No. 7 on Reader Information Card 
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Fig. 1—Moon-probe vehicle, showing ‘‘Pioneer |V"' mounted 
on titanium-cased fourth-stage rocket motor 


Welded 


Titanium Case 


for 
Space-Probe Rocket Motor 


increases the feasibility of a 
successful flight past the moon 


BOUNDY, 
JAFFE 


BROTHERS, R. A. 
D. 


GY A. d. 
H. E. MARTENS AND L. 


synopsis. The high strength-to-weight ratio of titanium 
alloys suggests their use for solid-propellant rocket-motor 
cases for high-performance orbiting or space-probe ve- 
hicles. The paper describes the fabrication of a 6-in. 
diam, 0.025-in. wall rocket motor from the 6Al — 4V 
titanium alloy. The rocket-motor case, used in the 
fourth stage of a successful JPL-NASA lunar-probe flight 
was constructed using a design previously proved satis- 
factory for Type 410 stainless steel. The nature and 
scope of the problems peculiar to the use of the titanium 
alloy, which effected an average weight saving of 34%, are 
described. 


Introduction 

Early in 1958, the Jet Propulsion Laboratory of 
the California Institute of Technology was requested 
to participate in a lunar-probe mission code-named 
Juno II which would place a 15-lb instrumented 
payload (Pioneer IV) in the vicinity of the moon. 
The vehicle was to use the same high-speed upper- 
stage assembly as flown on the successful Jupiter-C 
configuration; however, the first-stage booster was 
to be a Jupiter rather than a Redstone. An analysis 
of the intended flight and payload configuration 
indicated that the feasibility of accomplishing the 
mission was questionable and that additional per- 
formance would have to be obtained if the mission 
was to be feasible. 

Since the most efficient way of increasing the per- 
formance of a staged vehicle is to increase the per- 
formance of the last stage, a study of possible ways 
of doing this was made. Because of the time sched- 
ule placed on this effort it was decided to reduce the 
weight of the fourth-stage rocket-motor case by sub- 
stituting the annealed 6Al — 4V titanium alloy* for 
the Type 410 stainless steel.t Although this intro- 
duced an unfamiliar material, it reduced the changes 
in design and fabrication techniques. This par- 
ticular titanium alloy was chosen on the basis of 
previous tests which proved the suitability of the 
alloy as a pressure-vessel material when used at an 
annealed yield strength of about 120,000 psi. 


Details of Motor Case 


The titanium-case fourth stage of Juno II is 
shown with the payload and on the missile in Fig. 1; 
the stainless-steel motor cases used in the Jupiter-C 
vehicle are shown in Fig. 2. The fourth-stage motor 
case has a diameter of 6 in., a length of approximately 
38 in. and a nominal cylindrical wall thickness of 
0.025 in. As shown in Fig. 1, the case serves as the 
structural support of the payload and is aligned to 
the upper stage assembly through an alignment ring. 
The nozzle is threaded into the end of the motor case, 


A. J. BROTHERS, R. A. BOUNDY, H. E. MARTENS and L. D 
JAFFE are associated with the Jet Propulsion Laboratory, California 
Institute of Technology, Pasadena, Calif. 


Portions of this report were originated under studies conducted for the 
Department of the Army, Ordnance Corps, Contract No. DA-04-495 
Ord. 18. Such studies are now conducted for the National Aeronautics 
and Space Administration under Contract No. NASw-6. 

* 6Al - 4V titanium alloy has a nominal composition of 6° aluminum, 
4% vanadium; balance is titanium. 

+t Type 410 is a martensitic stainless steel with a nominal composition 
of 12.5% chromium, 0.15% carbon; the balance is iron. 
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FORWARD DOME AND AFT FITTING OF TYPE 410 STEEL CASE 
CONSTRUCTED OF THREE PIECES WELDED TOGETHER. CORRESPONDING 
COMPONENTS OF GAL-4V TITANIUM ALLOY CASE WERE MACHINE 
FROM 6.5 INCH DIAMETER BILLET. 


Fig.2—Stainless-steel 
*‘Jupiter-C"’ upper-stage 
motor cases 


and is of the ceramic-coated steel design. 

Figure 3 shows a comparison of the components 
used to make the stainless steel and the 6Al — 4V 
titanium alloy cases. The forward dome and aft 
fitting for the stainless-steel assembly were fabricated 
from a combination of forged, spun and machined 
parts. In order to facilitate the fabrication of the 
titanium-alloy motor, these components were ma- 
chined from a large-diameter billet. 


Fig. 3—Comparison of 6Al - 4V titanium-alloy and type 410 stainless-steel 
fourth-stage motor cases 


Fabrication of Titanium-alloy Motor Case 

A completed fourth-stage rocket-motor case 
fabricated from the titanium alloy is shown in Fig. 4. 
The details of the various fabrication operations are 
depicted in Figs. 5 through 10. Table 1 describes 
the welding procedures used. 

Figure 5 shows a sizing jig being used to finish the 
6-in. diam rolled shell. Because of its high annealed 
yield strength and considerable “‘springback,” the 

titanium alloy could not be 
hand formed at room tem- 


Table 1—Preparation and Technique for Welding 
Titanium-alloy Rocket-motor Case 
LONGITUDINAL 
STEP OR ITEM WELD 


Filler wire 0.030-in. diam None 
6 Al -4V titanium- 
alloy wire 

Manual 

Buff with felt wheel, 

Grooved copper 
(0.030-in. deep x 
'/,-in. wide 
groove) 


Welding procedure Semiautomatic 
Cleaning procedure 


Joint backing 
backup, no 
groove 


Inert-gas shielding 
used, cfh 
Torch (argon) 12 12 


Backup (argon) 2.5 2.5 
Welding speed, ipm 4 5 


SUPPORT-RING 
WELD 


acetone degrease, rinse with hot water 
Expanding copper 


perature as was the stainless 
steel, but required use of 
the jig. By maintaining 
good joint fit, a high degree 
of cleanliness, and adequate 
gas shielding, the longi- 
tudinal weld could be done 
without an enclosure, as 
shown in Fig. 6. 


FORWARD AND AFT 
DOME WELDS 
0.030-in. diam 
6 A! -4V titanium- 
alloy wire 
Semiautomatic 


Expanding copper 
backup, no 
groove 


During the initial phases 
of the fabrication program 
it was determined that, if 
extreme care was used, all 
12 circumferential welds could 
2.5 be made in an open-topped 
4 trough which was purged 


Torch and cup 
Electrode 


Amperage 


Commercial, water-cooled copper cup, 2 in. long x 0.75 in. ID on 
commercial air-cooled hand welding torch 
Pointed 0.040-in. diam thoriated tungsten with 0.3-in. extension 
from torch cup 

70 70 70 
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with argon prior to and dur- 
ing welding. However, as 
the fabrication became more 
extensive it was decided that 
a system requiring less care 
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Fig. 4—Completed welidment of titanium-alloy 
motor case 


Fig.6—Seam welding titanium-alloy shell 


and time would have to be developed. Such a sys- 
tem is shown in Fig. 7. It utilizes a long plastic 
bag reinforced at the seams with glass-fabric tape and 
supported at the weld site with a sheet-metal bridge. 
This system was simple to construct, easily purged 
and capable of providing a satisfactory atmosphere. 


Fig. 5—Final sizing of titanium-alloy shell 


Fig. 7—Plastic enclosure used to weld titanium motor case 


The 5- x 7-in. opening in the bridge allowed the 
welder convenient access to the three joints to be 
welded in each motor case. A suitable protective 
shield was obtained by means of a slightly positive 


gas flow. 
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Fig. 8—Tack welding alignment ring to shell 


Figures 8 and 9 illustrate tacking and welding of 
the alignment ring. This weld required no filler 
metal, since a flange was provided on each edge of 
the ring for fusing to the shell. Although the final 
welding was carried out in the plastic chamber, the 
tacking was performed without an enclosure. Im- 
proper fit-up between the ring and the shell resulted 
in low cooling rates and shrinkage distortion, both 
of which caused weld contamination. To keep this 
contamination at a minimum, short segments of the 
ring were welded 180 deg apart and along opposite 
edges until the entire weld was complete. 

A circumferential weld typical of the forward and 
aft dome welds is illustrated in Fig. 10. This figure 
shows the forward dome being tack welded to the 
shell subassembly. This weld was actually per- 
formed in the plastic chamber but, for the purpose of 
clarity, is shown being performed in air. An ex- 
panding copper backup mandrel and copper chill 
rings were used to control the cooling rate of the weld. 
The cooling rate was very important; if it were too 
rapid, there was a greater incidence of porosity; if it 
were too slow, the weld metal discolored, indicating 
possible contamination. 


As shown in Fig. 1, the Pioneer IV payload was 
attached to the forward skirt of the fourth-stage 


motor. To conserve weight, nut plates were used to 
make this attachment. These nut plates were 
bonded to the titanium alloy with an epoxy adhesive, 
since soldering is not a simple procedure on titanium 
alloys. 

Protection of the forward and aft domes from over- 
heating due to exposure to hot combustion gases was 
accomplished by spraying the interior surfaces of 
these domes with a commercial zirconia coating ap- 
proximately 0.020 in. thick. 

After case fabrication, nut-plate attachment, and 
ceramic coating, the rocket motor cases were lined 
and cast with solid propellant, and firing diaphragms 
were placed between nozzle and case. Since the 
igniter used had greater reliability when used at 
atmospheric pressure, it was desirable to seal the 
completed motor case until ignition. The use of a 
coined copper diaphragm designed to provide this 
seal at the nozzle end of the Type 410 stainless-steel 
case was questionable on the titanium case, because 
of the known low-melting copper-titanium eutectic. 
Rather than change the diaphragm material, the 
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Fig. 9—Welding alignment ring 
to shell 


Fig. 10—Tack welding 
forward dome 


copper was nickel plated on the surface which con- 
tacted the titanium-case seat. 


Evaluation Tests 


In order to prove the design and fabrication of the 
6Al — 4V titanium alloy as a material of construction, 
each completed motor case was proof tested hydro- 
statically. This test consisted of three cycles up to 
830 psi with a 5-min hold at pressure for each cycle. 
This pressure corresponds to a calculated hoop stress 
of about 100,000 psi. Of 26 cases fabricated and 
proof tested, only one case failed to pass the hydro- 
static test. In this one case, failure occurred at 830 
psi on the first cycle and was evident as a small crack 
approximately 0.5 in. long, in the longitudinal seam 
weld and parallel to it near the intersection with the 
support-ring weld. The crack was associated with 
a previously undetected area of weld contamination 
at the intersection of the longitudinal and support- 
ring weld. 

Of the 26 cases fabricated and proof tested, 16 
were statically fired, all successfully. These tests 
expose the motor case to conditions of rapid loading 


to shell 


and high-temperature, high-velocity gases and pro- 
vide an indication of the reliability of the case ma- 
terial. In addition to ambient-temperature firings, a 
case each was fired at 30° and 120° F to prove firing 
capability under these conditions. In order to prove 
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Fig. 1l—Increase in volume during hydrostatic-pressure 
test of titanium-alloy motor case 
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Table 2—Hydrostatic-pressure Test Results 
of 6Al - 4V Titanium-alloy Motor Cases 


Calculated 
hoop stress 
at rupture, 


Burst 
pressure, 

Condition psi ksi 
As fabricated 1250 151.5 
As fabricated, then 1600 166.5 


stress-relieved,” then 
statically fired 


Statically fired 1630 
Statically fired 1370 
Statically fired 935 


174.5 
166.5 
111.0 


TC-3 
TC-8 
TC-10 


Ratio of 
calculated 
stress to 
tensile strength 
1.20 
1.17 


Ultimate 
tensile sheet 
strength, thickness, 
ksi in. 
126.5 0.025 
141.9 0.029 


Average 


136.4 
137.8 
136.6 


@ Stress-relieved at 1150° F, 1.5 hr, air-cooled. 


the capability of reusing once-fired cases, two cases 
were reloaded and refired with satisfactory perform- 
ance. 

In addition to hydrostatic and static-firing proof 
tests, five cases were hydrostatically tested to rup- 
ture. These test results are shown in Fig. 11 and 
Table 2. The curves of Fig. 11 show the increase 
in volume as a function of pressure for three of five 
motor cases tested to rupture. These measurements 
were obtained by pressurizing the tanks with water 
taken from a calibrated standpipe. The deviation 
from linearity of the volume-pressure curve is in- 
terpreted as bulk yielding and represents high duc- 
tility of the motor case in the presence of biaxial 
loading. The variation in pressure at which fracture 
occurred resulted from different sheet thickness and 
strength properties which are shown in Table 2. 
This table compares all of the cases which have been 
hydrostatically tested to rupture and shows the 
nominal calculated hoop stress based on the fracture 
pressure, the ultimate strength of material from loca- 
tions near the area from which the case material 
was taken, and the ratio of these two values. Since 
the hoop-stress calculation is based on an elastic 
stress relationship, it is not directly applicable in the 
plastic regime. It does, however, provide a means of 
comparing the results of cases of unequal thickness or 
material-strength level. 

Except for TC-10, which failed at a low pressure at 
an obvious stress concentration resulting from ex- 
cessive repair welding, the ratio of calculated hoop 
stress to ultimate strength is approximately 1.2. It 
is of interest to note that TC-4, which was stress- 
relieved at 1150° F for 1.5 hr., was similar in behavior 
to those cases which had not been stress-relieved 
subsequent to fabrication. 


Welding Defects 


Although there were a number of common defects 
such as burn-throughs, tungsten inclusions, incom- 
plete penetration, etc., the defect of greatest concern 
was weld porosity. The need for extremely careful 
cleaning procedures became apparent in preliminary 
tests of longitudinal seam welds during which it was 
noted that joints cleaned with the procedures listed 
in Table 1 invariably contained much less porosity 
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than those merely degreased prior to welding. It 
was not possible, however, to eliminate porosity 
completely by scrupulous cleaning techniques. 

It is of interest to note that the greatest incidence 
of porosity occurred in the support-ring weld. This 
weld was exceptional in that fit-up between the ring 
and shell was quite often poor. In another instance, 
porosity was found in the weld of a loose-fitting for- 
ward dome and suggests that fit-up as well as clean- 
ing may have an effect on weld porosity. It was 
also observed that porosity was often associated with 
narrow areas of the weld. This suggests that a high 
cooling rate in these areas may not have permitted 
a porosity-forming medium to leave the molten weld 
metal. For this reason, where possible, welds were 
made. with high heat input. 

There is some evidence in the literature that weld 
porosity can be removed by remelting the weld area 
in which it occurs. Preliminary tests indicated that 
this was the case and that remelting was not detri- 
mental to the hydrostatic-test properties of a cy- 
lindrical pressure vessel of thisalloy. Remelting was 
attempted on two cases containing porous welds. 
One remelting operation resulted in compounding 
the defect. In the second instance, porosity was 
reduced but not eliminated. Five motor cases with 
known areas of weld porosity were hydrostatically 
tested to rupture. In no case could fracture be as- 
sociated with this defect. Several other cases which 
contained weld porosity rejectable by radiographic 
inspection were proof tested and statically fired suc- 
cessfully. 


Conclusion 

The weight saving realized by substitution of the 
6Al — 4V titanium alloy was 2.8 lb, or a weight reduc- 
tion of approximately 34% from the heat-treated 
Type 410 stainless-steel motor case. This increased 
performance, which could be translated into greater 
payload weight or an increase in the potential maxi- 
mum velocity of the payload, was used to extend the 
permissible launching time, therefore increasing the 
feasibility of a successful flight. Without the in- 
creased capability provided by use of the titanium- 
alloy motor case, this flight mission would not have 
been attempted. 


Test 
No. 
TC-1 
TC-4 
0.028 1.28 
0.025 1.21 
0.025 0.81 
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Tungsten-Arc Cutting of Stainless Stee! 


is a relatively new shop method for preparing the 300 series for welding but its 
use affords distinct advantages over other methods used today for similar purposes 


BY G. A. CONNER 


ABSTRACT. Vessels and piping systems for nuclear 
applications are required to be of high integrity by the 
nature of the product they contain and their relationship 
to other components of the installation of which they 
are a part. Weld quality in such equipment has its 
beginning in careful engineering, but engineering must 
be closely allied to and is dependent upon exceptional 
performance of shop fabrication methods if the result- 
ing weld quality is to meet the requirements of the an- 
ticipated service. Tungsten-arc cutting of austenitic 
stainless-steel wrought materials is a relatively new 
shop method for preparing the 300 series stainless 
steels for welding, but its use affords a distinct improve- 
ment over similar methods available today in the field of 
weld preparation. 
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Products Operation, Richland, Wash. 
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Introduction 


Two items of industrial equipment for preparation 
of weld joints in austenitic stainless-steel plates and 
carbon-steel pipe materials are currently available 
on the market. These are: (1) a tungsten-arc cut- 
ting unit, and (2) an automatic pipe-beveling ma- 
chine. The latter unit was initially designed to 
oxygen cut carbon-steel pipe using the oxyacetylene 
process; however, with the recent introduction of 
the tungsten-arc cutting process, it appeared that the 
two units might be advantageously combined for 
cutting austenitic stainless-steel pipe. At the re- 
quest of the General Electric Co., a series of cuts on 
austenitic stainless-steel pipe and plate were made 
at the development laboratories of the manufacturer 
of the tungsten-arc cutting unit. Experiments with 
various alloys showed that cast iron, copper and 
aluminum pipe could also be successfully cut using 


An automatic pipe cutter is put to work to prepare difficult contours in stainless-steel pipe 
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the equipment mentioned above. 

After observing the quality of cuts made on pipe 
and the close fit-up conditions achieved, stainless- 
steel plates were cut for the purpose of conducting 
weldability tests to insure that welded joints pre- 
pared by tungsten-arc cutting would meet the re- 
quirements of Hanford specifications and the ASME 
Boiler Code. The cutting and welding procedures 
used, quality achieved, potential cost savings and 
weldability results are discussed. 


Objectives 

The basic objectives of this study were: (1) to in- 
vestigate the preparation of weld joints in austenitic 
stainless-steel pipe utilizing the tungsten-arc cutting 
process under automatically controlled conditions, 
and (2) to develop weldability criteria for welds made 
in austenitic stainless steel prepared by the afore- 
mentioned process. Relative to these basic objec- 
tives were the following secondary but important 
objectives: 

(a) Development of a method that would effect a 
substantial reduction in pipe and vessel- 
fabrication costs. 

(6) Development of a method which would con- 
tribute materially toward improved weld 
quality in nuclear piping systems. 


Discussion 


Description of Equipment 
The units studied in this investigation may be 
described as follows: 


Tungsten-are Cutting Unit. As described earlier 
by Oyler et al.,! tungsten-arc cutting is an inert-gas- 
shielded process utilizing “‘a constricted arc between 
a tungsten electrode and the workpiece, in conjunc- 
tion with a high-velocity gas stream. The arc is 
concentrated and localized upon a small area of the 
base material, and its intense heat melts the metal. 
The gas, which is preheated by the arc, expands 
greatly and is forced through the constricting orifice. 
The molten metal is then continuously removed by 
the jet-like action of the gas stream to form a kerf. 
The cutting gas also protects kerf walls from oxida- 
tion. The combined heat and force of the arc stream 
give a high-quality, saw-like cut, free of dross.” 

Both manual and automatic-type tungsten-arc 
torches and their respective automatic cutting con- 


Fig. 1—Controlling factors in automatic cutting of pipe 


trols are available. The main difference between the 
manual and automatic methods is that premixed 
argon and hydrogen gases are used for automatic 
cutting, with separate supplies of argon and hydro- 
gen required for manual cutting. The use of sep- 
arate gases for manual cutting is necessitated by the 
requirement to provide pure argon in which to estab- 
lish a high-frequency pilot arc so the operator can 
locate the start of the cut accurately. After the cut- 
ting arc has been established, hydrogen is automati- 
cally blended into the cutting gas stream by the auto- 
matic controls provided. This process requires the 
use of relatively high operating voltages; therefore, 
a power supply capable of providing 400 amp at 70- 
85 v is necessary. Direct-current straight-polarity 
power is required. 

Automatic Pipe-beveling Machine. The automatic 
pipe-beveling machine relates diameters, angles of 
intersection, bevel angles, travel speeds, torch angles 
and horizontal movement of torches automatically to 
produce straight-flat, straight-beveled, contoured 
and beveled and offset intersecting branch cuts for all 
of the combinations of joints found in a piping sys- 
tem. Four dimensional adjustments are provided 
for producing the desired cut. These adjustments 
are directly related to: (1) the inside diameter of the 
pipe being cut, (2) the outside diameter of the mating 
pipe, (3) the angle of intersection of the two mating 
pipes measured from the perpendicular and (4) the 
distance of offset from the center line. Figure 1 
illustrates the relationship of these controlling ad- 
justments to the cut pipe. 

These machine adjustments, which are quite 
simple to make, eliminate the need for developing a 
template, applying the template to the pipe, mark- 
ing the outline of the template on the pipe and center 
punching the outline. The machine was originally 
designed to carry two oxyacetylene torches; however, 
with minor changes in brackets a tungsten-arc torch 
can be readily adapted. The machine is equipped 
with a forward and reversing-motor directional con- 
trol, solenoid control for cutting gases (for oxyacety- 
lene cutting), an electrical flame-igniting unit (op- 
tional), a three jaw chuck and an operator’s clutch 
control. 

Both the tungsten-arc cutting unit and the auto- 
matic pipe-beveling machine are portable. 


Experimental Cuts on Pipe 

Table 1 lists the pipe materials, type of cuts made, 
the procedures used, and the applicable figure show- 
ing the particular operation or cut. 


Results on Experimental Pipe Cuts 

Using the procedures given in Table 1, it is possi- 
ble to achieve the quality cuts apparent in Figs. 2, 3 
and 4. On aluminum and copper, it is possible to 
get a good-quality cut on each side of the kerf; 
however, on cast iron and stainless steel, only one 
side of the kerf is of acceptable quality with the dross 
tending to cling and solidify on the piece toward 
which the arc is angled or directed. 
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Table 1—Experimental Tungsten-arc Cuts in Various Alloys 


Pipe material Figure Type cut Amp 
304 stainless 2 Flat-beveled and contoured 340 
and beveled 
6061 aluminum, 6-in. Sch 40 3 Contoured and beveled 320 
Cast iron and copper, 3-in. Sch 40 4 Contoured and beveled 320 


Volts 
85 


80 
80 


Gas and flow Speed, ipm 
H-35 (65A—35H) @ 15 
100 cfh 
H-35 @ 60 cfh 60 
H-35 @ 60 cfh 12 


Fig. 2—Straight-beveled and contoured and beveled type 
304 stainless-steel pipe 


Economic Considerations 


Pipe assemblies welded for use in Hanford’s Chem- 
ical Processing Department fall into two general 
categories; i.e., pipe fabricated as part of pressure 
vessels and similar assemblies, and pipe fabricated 
into jumper assemblies. It was decided that any 
consideration of possible savings which might result 
through the combined use of the automatic pipe 
beveling and the tungsten-arc cutting units should 
be based on the total number of joints prepared in 
the department shops in CY 1957. Accordingly, the 
drawings of all vessels, components and jumpers 
fabricated in CY 1957 were reviewed and the number 
of each type of cut made in each size of pipe was 
totaled. A study of the drawings indicated that 
approximately 748 pipe cuts were made in pipe sizes 
from 2-in. Sch 40 through 10-in. Sch 10. 

Pipe is presently prepared in the department shops 
for welding by laying out the required joint configura- 
tion on the pipe, cutting off the major portion of un- 
required material in a power saw or by melting with a 
tungsten-arc welding torch, and then hand grinding 
_ the bevels to the required angle. Much repetitive 
grinding and fitting are required when preparing pipe 
joints by this method since joint preparation is 
directly related to the resulting weld quality pro- 
duced. Templates are required for layout of pipe 
larger than 4 in., this being the maximum capacity 
of the power saw available. 

The data in Table 2 compares estimated times re- 
quired for preparation of pipe using present methods 
and tungsten-arc cutting, automatic pipe-beveling 
methods. The differences in the amount of time 


Fig. 3—Saddle joint in 6061 aluminum pipe 


Fig. 4—Contoured and beveled cast-iron 


and copper pipe 
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required when preparing the larger sizes in schedule 
40 pipe are substantial. 

Table 3 gives the number of cuts, the estimated 
hours which could be saved per cut, and the savings 
in hours for the total cuts made. The estimated 
total hours in cutting time which could be saved in 
the department shops in a year through use of the 
automatic pipe-beveling, tungsten-arc cutting units, 
based on CY 1957 production, are 570.05 hr. 


Weldability of Tungsten-arc-cut Joints 


The usefulness of the inert-gas-shielded tungsten- 
arc cutting process for preparing austenitic stainless- 
steel wrought materials is directly related to the weld- 


Table 2—Comparison of Estimated Hours 
Required for Pipe Preparation 


—Automatic pipe beveling —~ 
Tungsten- 
Present arc Differ- 
method, method, ence, 
Type of cut hr hr hr 


Straight-beveled (90°) 0.60 y 0.09 
Miter-beveled (45°) 0.82 ; 0.28 
Contoured and beveled 1.10 0.44 
branch lateral 
Contoured and beveled 
angular branch 
lateral 
Straight-beveled 
Miter-beveled 
Contoured and beveled 
branch lateral 
Contoured and beveled 
angular branch 
lateral 
Sraight-beveled 
Miter-beveled 
Contoured and beveled 
branch lateral 
Contoured and beveled 
angular branch 
lateral 
Straight-beveled 
Miter-beveled 
Contoured and beveled 
branch lateral 
Contoured and beveled 
angular branch 
lateral 
Straight-beveled 
Miter-beveled 
Contoured and beveled 
branch lateral 
Contoured and beveled 
angular branch 
lateral 
Straight-beveled 
Miter-beveled 
Contoured and beveled 
branch lateral 
Contoured and beveled 
angular branch 
lateral 


ability of joints prepared in this manner. There- 
fore, before utilizing this equipment, it was necessary 
to conduct weldability tests to assure that cut edges 
and welds produced in austenitic stainless-steel joints 
prepared by this process would meet the requirements 
of Hanford specifications. The details of the tests 
performed and the results achieved are as follows. 


Test Plates 

Two Type 304 stainless-steel test plates were used 
in this phase of the study. These were: (1) a weld- 
ability-type test plate, and (2) an ASME Boiler- 
Code-type test plate. 

The weldability test plate shown in Fig. 5 was 
made in order to: (1) compare welding conditions 
of the arc-cut material under varying degrees of 
preparation, (2) provide specimens for micrographic 
examination of welds and heat-affected zones and (3) 
provide specimens for performing mechanical proper- 
ties tests. A micrograph, (see Fig. 11), was also 


Table 3—Summary of Cuts Made and 
Estimated Potential Savings 


Savings Savings 
per for total 
No.of cut, 
Type of cut cuts hr 


Straight-beveled 409 
Miter-beveled 1 
Contoured and beveled ll 
“T" branch lateral 
Contoured and beveled 
angular branch lateral 
Straight-beveled 
Miter-beveled 
Contoured and beveled 
“‘T" branch lateral 
Contoured and beveled 
angular branch lateral 
Straight-beveled 
Miter-beveled 
Contoured and beveled 
“*T"' branch lateral 
Contoured and beveled 
angular branch lateral 
Straight-beveled 
Miter-beveled 
Contoured and beveled 
branch lateral 
Contoured and beveled 
angular branch lateral 
Straight-beveled 
Miter-beveled 
Contoured and beveled 
branch lateral 
Contoured and beveled 
angular branch lateral 
Straight-beveled 19 
Miter-beveled 
Contoured and beveled 2 3.85 
branch latteral 
Contoured and beveled 1 4.06 
angular branch lateral 


Total estimated annual savings, hr 
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Size 

2-in. 
Sch. 
40 Size 

hr 
2-in. 36.81 

ya Sch. 0.28 ; 
40 4.84 
3-in. 
ee 3-in. 103.95 
Sch 4.88 
SY 40 1.71 
4-in. 
Sch 
Le 40 4-in. 87.40 
Sch 1.41 

40 eee 

6-in. 
ae Sch 6-in. 78.50 
Sch 37.90 
40 
i 
10 
10-in. 10-in. 61.18 
Sch jag 

Sch 
Re 10 10 7.70 


prepared from an as-cut unwelded edge of the stain- 


JOINT SURFACE CONDITIONS 

less plate material in order to check the effects of | mano nerameo Some’ 
the cutting operation. COMNTION | 

The ASME-Code-type test plate shown in Fig. 6 [] | | t 
was made and tested to insure that stainless plate % 
material prepared by the tungsten-arc cutting proc- - = | 
ess and subsequently welded could pass ASME Code 2 = 2 = 
and Hanford specification requirements. The basic = Hig 
joint surface preparation after cutting, and in the Za8e 
use of root bends only for the plate in Fig. 5. As | | 
shown in Fig. 5, the weldability test plate was one 2e jer || 
four inches long. After being cut by the tungsten- fae gs yy 
arc cutting process, the weld joint in each particular rom EACH TPE SPECIME 
segment was prepared in the following manner: (1) lL io" | 


by hand grinding the surface sufficiently to remove all 
discoloration—approximately '/. in. deep, (2) leav- 
ing the surface in the as-cut conditions and (3) hand 
filing the surface lightly to remove only the darkest 


Fig. 5—Experimental stainless-steel weldability test 
plate. Micrograph specimens included 


discoloration—approximately 50% of the discolora- [ | | 
tion was removed. This practical approach to sur- | |i | | 
face preparation was chosen in an effort to use condi- Be | w 

tions which would approximate those used in | he Ns | | 
Hanford shops. The surfaces of the weld joint in |e | | | z | 
the code-type plate were prepared only by light il wh & | | 8 
hand filing throughout its length. Root-bend tests | = | ® 
only were prepared from the weldability test plate | w | re | | 

in order to reflect the presence of any defects in the | } | 
root of weld that may have been occasioned by | ue wd ral 
residue from the arc-cutting operation, especially in JL, 
the as-cut and hand-filed segments of the weld joint. ch ig 
Cutting Operation lee 12° 


The edges of all plates were tungsten-arc cut to a 
37'/, deg angle on each 12-in. edge using the follow- 
ing procedure: 300 amp, 90 v, H-35 gas (65A-35H) 
(@ 80 cfh, and 20 ipm. 

A comparison of the quality of cuts made by the 
tungsten-arc cutting process and the flux-injection 
process presently used in Hanford shops is shown in 
Figs. 7, 8,9 and 10. In each case, the material was 


Fig. 6—Experimental stainless-steel test plate. 
ASME Codetype 


Table 4—Welding Procedure for Tungsten-arc-cut 
Stainless-steel Plates 


Joint design Pass sequence 
32 
Filler 
Process material Shielding gas Current details 
Inert-gas- */,in.diam, Argon @ 20cfh Pass No. 1—120 
shielded ER 308 amp, 18v 
tungsten- Pass No. 2—180 
arc amp, 18v 
Pass No. 3—175 
amp, 18 v—dc, 


straight polarity 


on all passes 
Fig. 7—Face of tungsten-arc-cut Type 304 


stainless-steel plate 


The back side of the welds was also purged with argon. 
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Fig. 8—Face of flux-injection-cut Type 304 
stainless-steel plate 


Fig. 9—Back side of tungsten-arc-cut Type 304 stainless-steel plate 


'/, in. thick, Type 304 stainless steel. The difference 
in the amount of time required to bring each repre- 
sentative cut up to optimum surface condition for 
welding by grinding can be quite significant, espe- 
cially when cutting heavier-gage plates. 


Procedure 
Both the weldability and code-type test plates were 
welded using the procedure given in Table 4. 


Welding Characteristics 

The filed-and-ground areas of the weldability test 
plate were readily weldable using the above procedure. 
However, the as-cut area was difficult to weld. The 
difficulty manifested itself in the arc being unable to 
penetrate the cut surface to sound metal and resulted 
in a balling up of the weld deposit, with excessively 
convex bead contours being produced. These 
conditions were evident on all three passes deposited. 

The photomicrograph in Fig. 11 shows this affected 
material of the as-cut edge to be only approxi- 
mately 0.0025 in. thick. Consequently, the weld 
joint of the code-type test plate after cutting was 
prepared only by light hand filing. No difficulties 
were encountered in welding this latter test plate. 


Fig. 10—Back side of flux-injection-cut Type 304 stainless-steel plate 
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Fig. 11—Photomicrograph of as-cut edge of Type 304 Fig. 12—Photomicrograph of as-cut-and-welded joint 
stainless-steel plate. X 100 in Type 304 stainless-steel plate. X 100 


Radiographic Inspection 

Both test plates prepared were radiographed be- 
fore sectioning. The weld in the code-type plate was 
nearly clear with only three scattered fine-porosity 
holes evident. This result further shows that accept- 
able welds can be made when the affected skin area 
is only partially removed. 

The radiograph of the weldability test plate showed 
extensive linear porosity in tensile specimen 2T in 
the as-cut area, and a lesser amount in root bend 
and tensile specimens 2RF and 2TF in the hand- 
filed area. Due to the extensive porosity in these 
specimens, this weld would not meet the radiographic p ‘ 7 
requirements of the Hanford specification for fabrica- eae 
tion of stainless-steel process vessels. However, this 
porosity was reflected only in the mechanical proper- i 
ties of the 2T tensile specimen mentioned above. 7 


Mechanical-properties Tests 
Mechanical-properties data for each specimen 


tested are listed in Tables 5 and 6. Fig. 13—Photomicrograph of hand-filed-and-welded joint 


Significantly, tensile specimen, 2T, with its in tungsten-arc-cut Type 304 stainless-steel plate. . 
extensive porosity and reduced elongation of 47°‘ X 100 
- was in the as-cut area of the joint, and thus the need 
for at least a minimum surface preparation is in- ’ 
dicated. structure of all three specimens, and all three 


joints appear normal for this type of weld. 
Micrographic Examinations 


Figures 12, 13 and 14 are photomicrographs of Summary and Conclusions 


specimens 2M, 2MF and 2MG from the weldability 
test plate. These photomicrographs (X 100) show 
the austenitic base material, weld and fusion zone 
between the weld and base material. Although 
there are a few more inclusions in the as-cut and 
welded joint, 2M, there is a distinct similarity in the 


Excellent quality cuts can be made in austenitic 
stainless steel, cast iron, copper and aluminum pipe 
when utilizing the tungsten-arc cutting and automatic 
pipe-beveling units together. Cuts in these alloys 
can be produced in all of the different pipe joint 
configurations encountered in piping systems without 
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Table 5—Mechanical Properties of Weldability Test Specimens 


Tensile Yield 
Ultimate strength, strength, Elongation, Reduction of 
Specimen Type load, Ib psi psi in 2in., % area, % 
2TG Reduced tensile 20,350 83,400 42,400 56 58.4 
2T Reduced tensile 21,250 84,100 45,900 47 38.3 
2TF Reduced tensile 21,600 85,400 41,900 57 §7.1 
2RG Root bend? 2,630 
2R Root bend? 2,740 
2RF Root bend? 2,740 


® No defects visible in root bends. 


Table 6—Mechanical Properties of Code-type Test Specimens 


Tensile Yield 
Ultimate strength, strength, Elongation, Reduction of 
Specimen Type load, Ib psi psi in 2in., % area, % 
1RT Reduced tensile 21,800 84,200 43,400 68 56.1 
1RT-A Reduced tensile 21,300 82,800 41,800 63 56.7 
1RB Root bend? 2,920 
1RB-A Root bend* 2,970 
1FB Face bend? 2,840 
1FB-A Face bend‘ 2,900 


® No defects visible in face and root bends. 


Also, substantial amount of the overtime occa- 
sioned through fabrication of pipe jumpers on an 
emergency basis could be eliminated through use of 
this equipment. 

Acceptable welds can be produced in tungsten-arc- 
cut Type 304 stainless steel if the total surface area of 
the weld joint is further prepared by filing or grinding 
off approximately 50% of the affected surface pro- 
duced by the cutting operation. Welds made in 
tungsten-arc-cut Type 304 stainless-steel plates, 
wherein the joints had not received further surface 
preparation, would not meet the requirements of the 
Hanford specification for fabrication of stainless- 
steel chemical processing vessels. Extensive linear 
porosity resulted in tungsten-arc welds made in as- 
cut joints. 

Higher-quality welds and reduced welding costs 
will result from contouring and beveling pipe with this 
equipment since much closer fit-up and uniform 
bevels can be produced. 

Better-quality weld joints can be prepared in 

Re austentic stainless-steel wrought materials by the 

welded in _tungaten-are cutting proces than are presently being 

x 100 i prepared in Hanford shops by the flux-injection 
method. 
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Enclosed welding of railroad track of the Dutch Railways near Rotterdam 


Enclosed Welding of Vertical Grooves 


facilitated by the development and use of extra-low-hydrogen electrodes 


SY J. & CLEVERS and. 2. 


A typical property of low-hydrogen electrodes has 
been used in the development of a new process for 
butt welding profiles with a relatively large cross 
section. This article explains briefly the properties 
of low-hydrogen electrodes, and then shows why 
these electrodes are employed for the enclosed weld- 
ing process. 

The principle of enclosed welding is explained, and 
a description of the tests carried out during the de- 
velopment of this process is given. The article con- 
cludes with some applications, with particular atten- 
tion being paid to the enclosed welding of rails. 


Low-hydrogen Electrodes 


Welding electrodes are divided into various groups, 
depending on the kind of covering. Among these 
groups are electrodes with mineral, organic and low- 
hydrogen coverings. The covering determines not 
only the welding properties but also the mechanical 
properties of the weld metal. Of all the known weld- 
ing electrodes, the low-hydrogen type yields a weld- 


J. A. N. CLEVERS and J. W. A. STEMERDINK are associated with 
N. V. Philips’ Gloeilampenfabrieken, Eindhoven, Holland. 


W. A. STEMERDINK 


metal with the best mechanical properties. The 
covering is intended to protect the liquid weld against 
the influences of the atmosphere. For this purpose, 
the covering produces not only slag but gases as well. 
Some gases have an adverse effect on the mechanical 
properties of the weld metal, however. Hydrogen, 
for example, may cause underbead cracking and 
brittle fracture. The quality and composition of the 
gas mixture produced by the covering of an elec- 
trode, and the extent to which the gas is absorbed by 
the liquid weld metal, are again dependent on the 
type of covering. As the name implies, the hydrogen 
content of the gas from low-hydrogen electrodes is 
very small. 

It must be kept in mind that, unlike the gases 
carbon monoxide and carbon dioxide which are pro- 
duced by the covering and which hardly dissolve in 
molten steel, hydrogen does dissolve in it. When 
the temperature is lowered, however, the solubility 
of hydrogen in iron is reduced to a high degree. 

A comparison between the deposited metal of a 
low-hydrogen electrode and that of an organic- 
covered electrode, made as illustrated in Fig. 1, shows 
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the lower hydrogen content. An “O’’-shaped bead 
and an “‘L’’-shaped bead were deposited on a steel 
plate—the ‘‘O”’ with an organic-covered electrode 
and the “L’”’ with a low-hydrogen electrode. The 
plate was then placed in a tank filled to the brim with 
water. A sheet of glass was placed across the top of 
the tank, thereby coming in contact with the water. 
In time, gas bubbles arose from the “‘O’’-shaped weld, 
whereas practically no bubbles came from the “L”’- 
shaped weld. In a few hours, the situation was as 
shown in Fig. 1. A circle of gas bubbles had settled 
above the “‘O,”’ whereas only an occasional bubble of 
hydrogen was to be seen above the “L’’. 

The low-hydrogen content of the weld metal is not 
the sole factor responsible for the good mechanical 
properties of the weld metal deposited with this type 
of electrode, however. If the weld metal of low- 
hydrogen electrodes is examined under a microscope, 
it will be observed that it has practically no slag in- 
clusions; the slag of the low-hydrogen electrode has 
a much more marked tendency to separate from the 
liquid weld metal than is experienced with other 
known electrodes. 

This special property of low-hydrogen electrodes— 
which may not be a factor in ordinary welding—has 
become very important for practical purposes in the 
case of the enclosed-welding process to be described 
hereafter. 

To examine further the ease with which the slag 
may be driven out, two single-vee-groove welds were 
deposited, with two layers in each groove. In the 


first single-vee groove the two layers were deposited 


with an organic-covered electrode; the second 
groove was welded with low-hydrogen electrodes. 
In both cases, the slag was not removed after the first 
layer had been deposited. As may be observed from 
Fig. 2, the results for the layers deposited with the 
low-hydrogen electrodes were good; but, as was to be 


Fig. 1—Testpiece in a glass tank filled with water. This 
“O"'-shaped bead was deposited with an organic-covered 
electrode, and the “‘L’’-shaped bead with a low-hydrogen 
electrode. Note the gas bubbles over the ‘‘O” and the 
absence of gas over the “‘L"’ 


expected, in the case of the layers welded with the 
organic-covered electrodes, it was impossible to weld 
a second layer on top of the first one. It is clear that, 
to obtain welds free from slag inclusion, as in the 
first case, certain conditions must be fulfilled. First, 
it is desirable that the slag of the preceding layer still 
be liquid or very warm. Secondly, it is important 
that welding be done with a high current intensity 
and thick electrodes. 

After carrying out a series of experiments, the 
setup shown in Fig. 3 was developed. The two steel 
plates (No. 1 and No. 2) to be welded together are 
arranged vertically at a distance D of about °/s in. 
from one another. At the bottom, the opening is 
closed by means of a copper-base plate No. 3, and at 
the sides with the aid of the copper blocks No. 4 and 
No. 5. Copper molds are used because copper is one 
of the few materials to which the steel weld metal 
does not adhere. Also, copper is affected little by 
the chemical action of the slag or by the high tem- 
perature occurring when welding is done. 

A low-hydrogen welding electrode is introduced 
into the box-shaped space formed in this way, and 
the weld is started at the bottom of one of the steel 
plates. A large-diameter electrode (*/;,—*/\, in.) and 
a corresponding high welding current (250-450 amp.) 
are used. A large weldpool of liquid steel forms in 
the enclosed space, with liquid slag floating on top 
of it. Since spacings of approximately '/;. in. have 
been left between the workpiece and the copper 
blocks (see top view in Fig. 3), the liquid slag floating 
on top of the steel can always flow away through 
these openings. The liquid steel solidifies at a much 
higher temperature than the slag. Solidification 
starts at the sides of the enclosure, and the thin shell 
of solidified steel prevents the pool from flowing 
away through the openings. Drawing an analogy 
with building in concrete, the space enclosed by the 
base plate (No. 3) and by the blocks (No. 4 and No. 
5) is called the “‘enclosure”’; the process is referred 
to as “enclosed welding.”” The tests confirmed that, 


Fig. 2—Two layers welded one on top of the other, without 
slag-removal. The testpiece at the left shows two layers 
deposited with organic-covered electrodes; the other, at 
the right, was welded with low-hydrogen electrodes 
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when low-hydrogen electrodes are employed, it is 
possible, under certain conditions, to obtain—with- 
out interim removal of slag—a deposited metal con- 
ta'ning no macroscopic slag particles. 

fn enclosed welding, only one layer is deposited 
irv;tead of a number of welds being made one on top 
of another; each subsequent electrode is started 
immediately after the preceding one has been used 
up. This difference in procedure explains why the 
concentration of heat is much greater in enclosed 
welding than in the case of the more common welding 
methods. As a result, good fusion is obtained de- 
spite the parallel walls of the groove. In addition, 
due to the greater input of heat per unit of length, the 
material adjoining the weld cools more slowly than 
in ordinary welding. As a result, even steel with a 
relatively high-carbon content can be welded with 
this method without appreciable hardening of the 
transitional zone. 

When enclosed welding was first developed, the 
many cross sections, macroscopic specimens and 
X-ray photographs taken showed that it fulfilled 
expectations. No slag inclusions were found. The 
results of the mechanical tests—especially those 
relating to determination of the fatigue limit—were 
not very satisfactory, however. Despite the use of 
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Fig. 3—Setup of the copper blocks for 


low-hydrogen electrodes, it was found that the high- 
hydrogen content of the weld was the cause of the 
trouble. Thus, although enclosed welding looked 
very promising, the low-hydrogen electrodes proved 
to contain too much hydrogen for the process. Since 
welding is completed without interruptions there is 
less time for the hydrogen to escape in enclosed weld- 
ing than in the ordinary welding processes where 
there are pauses between the successive weld beads. 
Also, due to the high temperature of the weld metal, 
hydrogen has a fairly high degree of solubility, and 
as a result, its loss is limited. Moreover, in enclosed 
welding the hydrogen diffusing from the weld must 
cover a much longer distance than in ordinary weld- 
ing and consequently, the residual content following 
cooling to room temperature will be higher. Not 
until an extra-low-hydrogen electrode had been de- 
veloped did enclosed welding of vertical and almost- 
vertical grooves become a complete success. 


Applications 


Square Profiles 

Here are a few examples. 

Coke Breakers. The coke-breaker construction, 
consisting of two rollers with square blocks on each, 
breaks the pieces of coke trapped in between the 
blocks. Obviously these blocks are subject to severe 
wear. When these rollers are worn out, the blocks 
are partly cut off and new blocks are welded on with 
the enclosed method, as shown in Fig. 4. 


enclosed welding of rectangular sections Fig. 4A—Enclosed welding of the ‘‘teeth"’ of a coke breaker 
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Fig. 5—A flange welded on toa spindle 


Fig. 6—Sample of a weld for a rudder-suspension con- 
struction. An example of a rectangular workpiece. 
The copper block at the back has not yet been removed 
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Fig. 7—Enclosed welding of a round bar. Note the 
perpendicular position of the electrode 


Fig. 8—A typical pipe connection. It can be machined to 
ensure a good finish 


Flanges. Figure 5 shows how a flange connection 
has been effected. 

Rudder Suspension. At a shipyard in Holland, a 
rudder-suspension system (see Fig. 6) was welded 
with the enclosed process. The difficulty was that 
the parts to be joined did not have the same dimen- 
sions. Nevertheless a fine joint was made. 


Fig. 9—Enclosed welding of rail. (a) After blocks A, B and 
B’ have been placed underneath and at the sides, the rail 
foot is filled up. (b) Next, blocks C and C’ are placed in 
position and the lower part of the web is finished. (c) 
Blocks C and C’ are replaced by blocks D and D’, so that the 
upper part of the web can be welded. (d) Finally, blocks 
E and E’ are laid in position to fill up the space between the 
railheads 


Round Profiles 

The bars employed for the reinforcement of con- 
crete are a good example of round objects suitable for 
enclosed welding. Links of heavy chains, ties for 
roof structures, spindles and flanges on spindles are 
other fine examples. 

The shape of the copper mold for round profiles (see 
Fig. 7) is, of course, different from that used for 
square profiles; the profile has the shape of a “U.”’ 
In this case, too, the size is slightly larger than the 
cross section of the workpiece to be welded. Here is 
a practical tip: when various diameters have to be 
welded, take a square block of copper and, at each 
of the four sides, make a “‘U”’ in accordance with the 
required diameter. Practical experience has shown 
that whereas half an hour to three quarters of an hour 
is needed for two 1'/,-in. round bars to be joined in 
the orthodox way, it is possible to make 5 to 6 welds 
per hour, at site, by means of enclosed welding. In 
a well-equipped workshop, the latter number can 
even be increased to 10 welds per hour. The actual 
welding time is only 3 minutes per weld. 


Complicated Profiles 

A good example of complicated profiles is that of a 
Tee joint made on a pipe (See Fig. 8). A copper ring 
is placed on a piece of piping; then, inside the copper 
mold, circular movements are made with the tip of 
the electrode, and in this way a pipe is built up of 
weld metal. The copper supports the weld metal at 
the outside, and the slag provides support at the in- 
side. When the pipe connection is high enough, the 
welding operation is interrupted and the copper mold 
is removed. Next a hole is drilled in the bottom of 
the pipe connection made of weld metal and through 
the original pipe; then, the workpiece is turned to 
size. If necessary, a beveled edge can be made at 
the top of the welded pipe to permit another element 
to be joined to it. 


Welding of Rails 

A frequent application of enclosed welding is in 
the welding of rails, since this process provides a 
method of making good jointsrapidly in the field with- 
out elaborate equipment—something that has long 
been sought after. Experiments have shown that 
with the enclosed-welding method, not only mild 
steel but also a steel having a carbon content of about 
0.5% can be welded with good results. The diffi- 
culties encountered when the orthodox method of 
welding is employed for this steel, such as the tend- 
ency of the transitional zone in the base metal to 
harden, are prevented by the large input of heat ob- 
tained with enclosed welding. 


Arrangement of the Copper Blocks and Method of Welding 

Since rails have a relatively complicated profile, 
they must be welded in stages. Fundamentally, the 
method of welding rails is the same as enclosed weld- 
ing of other profiles. Usually, a */,;-in. diam. elec- 
trode is used and the current source set at 250 amp. 
The ends of the rails are often machine cut; however, 
the correct gap may also be obtained if the rails are 
cut to size, on the spot, by means of oxygen-cutting 
apparatus. The distance between rail ends must be 
at least °/; in. but there is no objection to a slightly 
wider gap. 

A '/,-in. thick copper plate, A, is laid under the rail 
ends (see Fig. 9). Between the rail and the copper 
plate there are laid two strips so that a space of 
approx. '/;, in. is left between the bottom of the rail 
and the copper plate. At the sides of the rail foot, 
two square copper bars, B and B’, are placed, like- 
wise a few hundredths of an inch from the rail. The 
arc is struck, and the electrode is held almost per- 
pendicular throughout welding. Notwithstanding 
the fact that the sides of the joint are parallel, a good 
penetration is obtained. If the welding is properly 
done, there will be no slag inclusions. As soon as 
welding of the foot has been completed, the transition 
between the foot and the web of the rail must be 
made as rapidly as possible. For this purpose, small 
copper blocks, C and C’, are placed at the foot, as 
soon as it has been welded, in such a way that they 
remain slightly clear of the web. 
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Immediately afterward, welding is continued be- 
tween the small blocks. Without the latter, it 
would be difficult to make a faultless transition be- 
tween foot and web. When one electrode has been 
deposited, the copper auxiliary blocks are replaced 
by larger blocks D and D’, which cover the full 
height of the web. 

For welding of the web plate, the tip of the elec- 
trode is oscillated with a square motion, and in each 
corner there is a pause of some time. When welding 
has proceeded until the top of the blocks has been 
reached, the last auxiliary pieces, E and E’, are 
placed on them. These, too, are positioned slightly 
clear of the head of the rail. 

The heat conditions are much more favorable at 
the head than at the foot. This is due to the smaller 
width and the greater height of the cross section to 
be welded. It is, therefore, much easier to control 
and remove the slag. 

For reasons of completeness it should be mentioned 
that in England a mild-steel strip is used under the 
rail foot, instead of a copper plate; of course this 
backing strip is welded to the workpiece. On com- 
pletion of the joint, the welded mild-steel strip is re- 
moved by means of a portable milling rig.” 

In cases where a fairly wide rail foot must be 
welded, it may be advisable to preheat the foot with 
an oxyacetylene flame. 


Mechanical Tests 

In one case, to make sure that the rail foot was 
welded satisfactorily, a large number of X-ray photo- 
graphs of welded rail feet were taken. At the same 
time, many fracture tests were carried out with rail- 
way rails of which only the feet had been welded. 
The weld in the rail foot was not the only thing tested 
and checked, however; the complete rail weld was 
also tested in many ways. Since a fully welded rail 
seldom breaks at the weld, and since it is important 
to be certain that the head, as well, is welded fault- 
lessly, a large series of welds of the head only were 
made. 

Extensive series of tests were made in England, 
France, Germany and the Netherlands. Tup tests, 
pulsation tests and also bending tests were carried 
out. The result was that the welded joint was found 
to have the required strength.* Numerous samples 
of rail joints made with the enclosed-welding method 
were taken; these samples were X-rayed and speci- 
mens were then made from them. These showed 
that there were no macroscopic slag inclusions or gas 
impurities present. 


Expansion 

Some questions may arise concerning the amount 
of expansion connected with this method. Is there 
no risk of buckling? 

The following answer can be given. In recent 
years, the method of securing railway rails has been 
improved considerably, due to the faster speed of 
trains. The railway rails are secured more firmly to 
the sleepers. The distance between the sleepers has 
been decreased, and the sleepers themselves are often 
heavier than they used to be; in many cases the bal- 
last has been replaced by broken gravel or basalt, re- 
sulting in less shifting. As a result of these pro- 
visions, the risk of buckling has been reduced to such 
an extent that gaps between the railway rails have 
become unnecessary. The stresses created by in- 
creases or decreases in temperature are absorbed 
elastically; the maximum stress is about 12.5 kg 
per (18,000 psi.).* 

The British, French and Dutch railways, realizing 
this, are joining their rails together with the en- 
closed-welding method; as a result, considerable 
savings as regards wear and maintenance of the roll- 
ing stock and of the track have been achieved. Pas- 
senger comfort has also increased, of course. 


Other Rail Applications 

A good welder can learn to use this process satis- 
factorily in five to ten days, provided that he has ex- 
pert guidance. The enclosed welding of rails, which 
—as already stated——is employed by various Euro- 
pean railway companies, such as British Railways, 
the Société Nationale de Chemins de Fer and Neder- 
landse Spoorwegen, is also used for crane rails, street- 
car rails and lock-door rails, as in the world’s largest 
lock—that at IJmuiden, near Amsterdam. 


Conclusion 


It may be stated, briefly, that enclosed welding— 
which, fundamentally, is fairly simple—has the 
following important advantages: (a) Joints can be 
made at high speed; (6) Cost of preparation is 
lower; (c) Due to the greater concentration of heat 
and the parallel walls of the groove, there is no 
trouble from angle distortion; (d) Cost per com- 
pleted weld is low. 
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Beveling 5'/.-in. thick mild-steel plate using natural gas as a fuel 


Analytical study of Natural Gas— 
Oxygen Cutting, Theory and Application 


indicates that this process provides at present the 


most economical fuel gas for cutting steel 


BY J. C. WORTHINGTON 


ABSTRACT. This paper deals with the use of natural gas 
as a fuel gas for oxygen cutting of mild steel. The 
chemical reactions of acetylene, propane and natural 
gases with oxygen, are analyzed and the products of 
their reactions discussed. The analysis showing the 
relative volumes of oxygen and fuel gas used for a 
total reaction is given, along with the cost of each gas 
and the total cost of the reactions. Also, the total Btu 
outputs of the reactions are indicated. 

Information in this paper was derived from references 
and from development work in the Westinghouse Power 
Apparatus Department, Manufacturing Engineering 
Laboratory. It contains a basic discussion of what 
temperatures and gas requirements are necessary for 
oxygen cutting of steel and a more detailed discussion 


J.C. WORTHINGTON is associated with Manufacturing Engineering, 
Large Rotating Apparatus Division, Westinghouse Electric Corp., 
East Pittsburgh, Pa. 
Paper presented at AWS National Fall Meeting held in Detroit, Mich., 
Sept. 28-Oct. 1, 1959 


of the cost of preheat gases. Data are based on the use 
of gas savers and high-speed cutting tips. Piercing times 
and cutting speeds are discussed in detail and charts 
showing practical applications of proper speeds for 
cutting various steel thicknesses are given. These also 
include charts of tip sizes, preheat oxygen and natural- 
gas settings. 

A different, more simple approach than has normally 
been used in the past, is taken for deriving the various 
gas costs and flows. In the past, many suppliers have 
weighed all gas cylinders before and after all tests have 
been run to determine the volume of gas consumed for 
the various operations and to calculate the total volumes 
used. However, this paper shows that the use of flow- 
meters can give instantaneous data on gas flows, allowing 
any operator to determine exactly what his fuel costs 
are at any time without the cumbersome handling of 
cylinders and the possible inaccuracies that are prone 
to be present when weights are used. By going through 
a range of gas and oxygen settings, one can determine the 
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Acetylene — Co He 
H-C=C-H 


Reaction with Oxygen 
C2 O02 CO,+H,0 
Balanced Equation 
Ha +2 1/20, — CO,+H,0 
Volumetric Value 

I# C,H, = 13.75 Cu Ft. Acetylene 
Og Req. = 34.38 Cu. Ft. Oxygen 
B.T.U. Value 21,395/Lb. C,H, 


Fig. 1—Acetylene reaction and data 


Natural Gas— CH, 


Reaction with Oxygen 
CHg+ 2 C02+H20 
Balanced Equation 
CH,t2 0, CO, +2H,0 

Volumetric Value 


l#CHg= 22.5 Cu.Ft. N.G. 
OgReq = 45.0Cu. Ft Oxygen 
B.T.U. Value 22,500/Lb. CH, 


Fig. 2—Natural-gas reaction and data 


most economical setting for the fastest speeds in oxygen 
cutting. The use of flow-meters also helps the operator 
to determine the most economical break-even point. 

The cutting of stainless steel using natural gas as a 
fuel gas is discussed, together with the method required 
for piercing a hole, the powder settings used, speeds and 
the requirements of the cutting station for the exhaust 
of irritating fumes. 

The beveling of steel has always been considered a 
more difficult operation than straight oxygen-cutting 
operations. Tips used for beveling and a new type of 
tip to increase the efficiency of cutting so that bevels as 
large as 3 in. are easily done with standard oxygen-cutting 
machines are discussed. Charts showing the proper 
speeds, fuel gas and oxygen settings used are set down in 
such a manner that they can easily be duplicated in 
laboratories or on production lines. All recommenda- 
tions used in the data charts are presently used on the 
production line in Westinghouse Electric Corp., where 
between four and six million pounds of steel are oxygen 
cut in production each month. 


Introduction and Theoretical Considerations 


The use of natural gas for oxygen cutting is not a new 
development.! The oxygen-natural gas process has 
been in use for over a half of a century, but it has 
not been until recent years that this process has been 
given the proper consideration. The fact that acety- 
lene has been practically the only fuel gas for years 
has embedded a one-track thought that it is the only 
fuel gas suitable for cutting steel. A simple outline 
of the molecular structure of acetylene, propane and 
natural gas and their theoretical reactions will tend 
to create a more accurate picture of what goes on in 
a torch flame and give the heat values of their reac- 
tions. The equations which follow are for preheat 
evaluations. 
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The chemical formula for acetylene is C,H:. 
Molecularly, there is a hydrocarbon chain of two 
carbons, held together by a triple bond and each 
carbon atom bonded to one hydrogen atom as shown 
in Fig. 1. 

From the balanced equation, 2'/, molecules of 
oxygen unite with one acetylene molecule to produce 
combustion, the reaction product being carbon diox- 
ide and water. In Fig. 2, the molecular arrangement 
of natural gas is shown. The formula for natural 
gas, which generally speaking is methane, is CH,. 
Here, there is one carbon atom bonded to four hydro- 
gen atoms. 

Two molecules of oxygen are required to combine 
with a natural-gas molecule to form carbon dioxide 
and water. This is a decrease of one-half an oxygen 
molecule requirement over acetylene for complete 
reaction. 

In the propane diagram, the hydrocarbon arrange- 
ment is different because of the C;H,; molecular com- 
position. Here, three carbon atoms are bound to- 
gether and eight hydrogen atoms are bonded to the 
carbon atoms. 

From the balanced equation, once again the oxygen 
requirements are different. Five oxygen molecules 
are required for a complete reaction with the pro- 
pane (see Fig. 3). 

From these basic reactions establishing the vari- 
ous oxygen requirements, Table 1 was prepared to 
show the total gas cost of these reactions and how 
they compare with each other. 

One pound of acetylene contains 13.750 cu ft of 
gas.?. From the reaction for acetylene, it takes 2'/; 
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Propane — 


Reaction with Oxygen 
C3Hg + CO, +H,0 
Balanced Equation 
0, 3 CO, +4H,0 


Volumetric Value 


8.148 Cu. Ft. Propane 


O, Req. = 40.740 Cu. Ft. Oxygen 
B.T.U. Value 21,405 /Lb. C3H, 


Fig. 3—Propane reaction and data 


volumes of oxygen for a complete reaction. By 
multiplying the 13.75 cu ft by 2'/., it is found that a 
total of 34.38 cu ft of oxygen are required for this 
reaction. Thus, the total cost of this reaction is 
$0.5325, providing 21,395 Btu. Similarly, going 
through the same reasoning for natural gas, there 
are 22.5 cu ft of natural gas per pound. From the 
reaction, it is found that it takes two volumes of 
oxygen to unite with one of natural gas to produce 
the reaction, making a total of 45 cu ft of oxygen re- 
quired for the reaction. The total cost of this is 
$0.1695, with a heat-energy release cf 22,500 Btu. 
Propane contains 8.148 cu ft/lb. Based on the reac- 
tions, there are required five volumes of oxygen for a 
complete reaction, or a total of 40.740 cu ft. The 
cost of this reaction then, is, $0.2184, with an energy 
release of 21,405 Btu. Now, analyzing the total 
costs, and remembering that these are only the costs 
for a theoretical reaction, it is seen that natural gas 
and propane are both cheaper than acetylene. 


Although theoretically correct, there are some 
fallacies in these reactions. They do not occur ex- 
actly as shown here. Table 1 shows the volume 
requirements of the various gases, the Btu content 
per cubic foot and the cubic feet per pound. To 
calculate the total Btu in the reaction, it is necessary 
only to multiply the cubic feet of gas by the Btu per 
cubic foot. The oxygen-fuel mixtures given in Figs. 
1, 2 and 3 are theoretical; based on actual tests, the 
ratios are a little different. Actually, acetylene must 
draw oxygen from the atmosphere to complete the 
reaction. A popular ratio of 1.1 oxygen to'1 acety- 
lene is used for calculating costs. A 1.7 oxygen to 1 
acetylene ratio for the reaction is more realistic and 
more heat is obtained. Both natural gas and pro- 
pane are capable of complete combustion and, for 
that reason, can be used in confined areas without 
requiring a supplemental supply of air or oxygen. 

With regard to acetylene drawing oxygen from the 
atmosphere, it may seem that acetylene proponents 
have won the economic issue and many people have 
taken a stand at this point. For example, in an 
article published in March 1957, J. Okladek takes 
the affirmative stand.* In a later article, C. Under- 
wood states “‘acetylene is most generally used be- 
cause of its faster preheating ability and lower over- 
all oxygen consumption.” These statements may 
be perfectly correct in their point as far as they have 
been explored, but had they proceeded a little farther 
in cost calculations and comparisons they would have 
found additional cost reductions. 

Before going into these cost reductions, additional 
examination of the theory is in order. Low-carbon 
steel ignites at a temperature between 1600 and 
1800° F. This is an accepted range, although some 
experiments indicate that this temperature is some- 
what low and may go as high as 2100° F. In Table 
1, it can be seen that the flame temperatures of each 
of the gases in question is well above any of the steel 
ignition-temperature requirements. What does this 
mean? Only that it may be faster to start a cut with 
acetylene, and this is entirely dependent on the flame 
adjustment of the torch. In natural-gas tests con- 
ducted in the author’s laboratory, it was found that 
it is entirely possible to use a hand torch on a cold 
piece of 1-in. mild steel and start a cut in a time as 
low as 3 sec. The proper tip size and gas pressures 
were used at this time. An example of natural-gas 
piercing ability can be noted from a test on 6'/.-in. 


Table 1—Gas Cost for Theoretical Reaction 


Flame’ 
temp., 
Cu ft/lb? oF 
13.750 5880 
22.500 5500 1000 
8.148 5650 2627 
178.230 5060 344 
11.209 


Per cu ft 


1556 


cu ft 
13.75 
22.5 
8.148 
178.230 


Gas 
Acetylene 
Natural gas 
Propane 
Hydrogen 
Oxygen 


Gas req., 


Total 

cost, $ Btu 
0.5325 21,395 
0.1695 22,500 
0.2184 21,405 
2.308 61,311 


Gas cost 
total, $ 
0.4125 
0.012 
0.0758 
1.996 


Oxygen cost 
$0.35/C 
0.120 
0.1575 
0.1426 
0.312 


Oxygen req., 
cu ft 
34.38 
45.00 
40.740 
89.115 


@ The Welding Encyclopedia, 13th Edition, 312 (1951). 
> THe WeLpING JouRNAL 34 (9), 875 (1955). 
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Table 2—Gas Costs for Accepted Reaction Ratios* 
O.:fuel 
ratio 
1.1:1 
1.7:1 

2:1 
4.5:1 
Gas costs with gas savers” 
Natural gas 


Gas req., 
cu ft 
13.750 
13.750 
22.500 
8.148 


Oxygen req., 
cu ft 
15.125 
23.375 
45.000 
36.667 


Gas 
Acetylene 
Acetylene 
Natural gas 
Propane 


7.499 22.500 


@ “Oxygen Cutting,” by G. V. Slottman and E. H. Roper, Air Reduction Sales Co. 
> From Westinghouse Electric Corp. Laboratory Data. 


Table 3—Natural-gas Shape-cutting Data—Drop Cuts—Mild Steel 


Plate 
thickness, 


High- 


Preheat oxygen, psi Natural gas, psi pressure Cutting 


in. Tip size High Low 
00-VVC 28 7-12 
3/5 0-VVC 28 7-12 
1/6 1/-VVC 7-12 
3/, 1-VVC 8-12 
1 1-VVC 8-12 
l'/, 1'/.-VVC 8-12 
1'/.-VVC 8-12 
1?/, l'/, 8-12 
2 1'/VVC 8-12 
2-VVC 8-12 
2'/s 2-VVC 8-12 
2'/VVC 8-12 
2'/+VVC 8-12 
3-VVC 10-14 
3-VVC 10-14 
4-VC 10-14 
5-VVC 10-14 
5-VVC 10-14 
5-VVC 10-14 


High Low oxygen, psi speed, ipm 
l'/, Adjust 70 14 
l'/, gas 

pressure 

1! 2 for 

1'/, proper 

1'/, flame 

l'/, setting 

1'/, 

1'/; 

l'/; 

1'/, 

l'/, 

l'/; 

l'/; 

1'/, 

l'/; 


thick mild-steel plate at ambient temperature. A 
machine-torch flame was adjusted away from the 
plate, and then moved over the desired piercing spot. 
Sixteen seconds after the flame hit the plate, a hole 
was pierced and the cut was continued without 
any need to clean or adjust the tip. These 
points are used only to counter the popular concep- 
tion that acetylene is faster than natural gas or other 
fuel gases for piercing. Since, in production, the 
majority of cuts are hundreds of inches long, the 
piercing time becomes somewhat insignificant in 
comparison to the over-all cutting time. These cases 
are used only to show how unimportant it is to con- 
sider acetylene a faster heating fuel. Taking into 
consideration the fact that the ignition temperature 
of mild steel is 1600° F, another condition can be 
used advantageously. Once steel has been ignited 
and there is a supply of oxygen available, such as 
piercing oxygeén, there is an exothermic reaction that 
will continue to cut. It is well established by demon- 
strations that a cut can be started using preheat gases 
and, then, after the cut has been established, the 
preheat gas and oxygen can be turned off and the cut 
maintained with the piercing oxygen alone. This is 
strictly a laboratory experiment where the equip- 
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ment must be steady and moving uniformly at all 
times. 

Because of this phenomenon, several gadgets have 
been developed and placed on the market. They 
are called oxygen savers and fuel savers. Basically, 
they are nothing more than a two-stage regulator with 
a high- and low-pressure setting. The high-pressure 
side of these regulators is a by-pass that allows the 
flow of the preset fuel gas and oxygen. The low side, 
however, accounts for the success of the operation. 
It is based on the ability of oxygen alone to maintain 
an established cut. Since laboratory equipment 
and special conditions are required to maintain these 
cuts, the gas savers, rather than eliminating all the 
preheat gases, merely reduce them to a preset lower 
pressure and volume. From tests it has been found 
that preheat fuel gas can be reduced as much as 67% 
and the preheat oxygen at least 50%. With the 
knowledge of the gas saver, Table 2 illustrates some 
of these conditions and makes another comparison 
of accepted reaction ratios. In the ratio of 1.1 oxy- 
gen to 1 acetylene gas, the oxygen requirements are 
15.125 cu ft. Total cost of this reaction will be 
$0.4650. Using the 1.7 oxygen to 1 acetylene ratio, 
the requirements are 23.375 cu ft of oxygen. This 


4 ry, Gas Oxygen Total 
Aus cost, $ cost, $ cost, $ 
0.4125 0.0529 0.4654 
pS 0.4125 0.0818 0.4943 
0.0119 0.1575 0.1684 
ae 0.0758 0.1283 0.2041 
0.0039 0.0787 0.0826 
iat 
* 
4 | 
| 
| 
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brings the total cost to $0.4943. Natural gas re- 
mains the same at $0.1684. Propane may be ad- 
justed to a leaner ratio of 4.5 to 1 rather than the 5 
to 1 in the theoretical reaction. This reduces the 
oxygen requirements of that reaction to 36.667 cu 
ft, and the total cost of that reaction to $0.2041. In 
the lower portion of Table 2, natural gas with gas 
savers is shown. Since the full preheat gases are 
required only at the start of a cut, the gas savers can 
be used. The 67% saving in natural gas from the 
saver reduces the total gas to 7.499 cu ft and the oxy- 
gen requirements are reduced to 22.5 cu ft. The 
total cost of the reaction using natural gas with oxy- 
gen and gas savers is then $0.0826. This is 83° less 
than the lowest oxyacetylene ratio we have on the 
chart. Similar costs have been determined for pro- 
pane and city gas-natural gas mixtures.° 

All preceding data have dealt only with the vari- 
ous costs of the preheat flames. This is because the 
high-pressure oxygen should remain approximately 
the same for all gases. As previously noted, after 
the steel reaches the 1600° F temperature, the actual 
cutting of the steel becomes a function of the high- 
pressure oxygen and the exothermic reaction of the 
steel and oxygen. Theoretically, it takes 4.6 cu ft of 
oxygen to oxidize 1 lb of iron. The type of fuel gas 
used has no relation whatever to the amount of oxy- 
gen used in this reaction. 


Laboratory Evaluation 

A low-pressure injector-type natural-gas torch 
and high-speed tips were connected to a 125-psi 
oxygen system and to a 50-psi natural-gas compressor 
system. Various tips were used on each thickness 
of steel tested, the oxygen and gas pressures being 
adjusted throughout the entire range to determine 
the optimum and economical conditions and make 
final selection of the cutting tip and the proper 
pressures. 

The machine torch was mounted on a pantograph- 
type cutting machine with speeds varied to determine 
economical cutting conditions. 

All cuts were evaluated for smoothness of cut 
face and the ability of the scrap to drop free and 
clear of the work. 

Flowmeters were used to set oxygen and gas flows 
independent of the torch needle valves which were 
kept fully open. 


Development Variables 

In setting up a series of tests for comparing various 
gases, torches and tips, a standard must be used. 
Many tests have been run using weights of gas used. 
Theoretically this is satisfactory, but there are too 
many torch adjustments that take place during these 
tests and at no single instance can the operators 
conducting the tests know exactly what gas flow 
they have. Therefore, the use of flowmeters for 
gaging the gas flows is recommended. With this 
tool available, the fuel gas and oxygen consumption 
can be varied through a complete range, checking 
the various speed combinations and the economics 


of each condition. This is also an excellent method 
of teaching a new man how to adjust his torches. 
With flowmeters, it is not necessary to cut steel 
plate for hours to determine gas consumptions. 
They also eliminate the possible errors in weighing 
the various cylinders and calculating gas prices 
for the total work done. 

The economical break-even point should be found 
for each tip. Tests will indicate that a dozen dif- 
ferent settings can be used on most any tip. An 
increase in the high-pressure oxygen can in turn 
cause an increase in the speed of a cut. But, a 
two-dollar an hour increase in gas costs may net 
only a single dollar savings in labor. Sometimes it 
may be more economical to increase the tip size and 
to decrease gas flows. All these variables can be 
calculated almost instantly when flowmeters are 
used. At present, the author’s plant is considering 
the installation of flowmeters at all oxygen-cutting 
stations. With proper flowmeter charts, it is be- 
lieved that there may be additional savings in 
oxygen simply because a man’s eye cannot be as 
accurate as a gage. Spot checks have shown that 
an operator invariably is using more oxygen than is 
actually required. 

After torches and tips have been evaluated, 
there are many on-the-job changes required. A 
torch and tip manufacturer usually supplies oxygen- 
cutting data developed under ideal laboratory 
conditions. Usually, the speeds and pressures are 
for straight-line cutting. In a job shop where shape 
cutting is a major item, their specific settings can 
be used only as a guide. If the plate is coated with 
a heavy scale, a greater preheat and a slower speed 
is essential. If the cuts are intricate, slower speeds 
will be required. If the arms of the cutting equip- 
ment have play in them, slower speeds are required 
to prevent loss of cuts. Even the purity of the oxy- 
gen affects cutting speeds. 

The development work in a laboratory will in- 
variably be subject to change when the data is in- 
jected into a production line. Production require- 
ments cannot always be simulated in a laboratory, 
especially the reaction of an operator to a new set 
of conditions. He has acquired a set of habits and 
knowledge throughout the years and usually has 
some human resistance that must be overcome. 
After redeveloping speeds on the floor, the maximum 
speeds for a quality drop cut can be set. Because 
maximum speeds cannot be used at all times, the 
final recommended speeds will be adjusted slightly 
downward to provide sound time-study data. 


Oxygen Cutting of Mild Steel 


The results and recommendations for cutting 
mild steel are shown in Table 3. The maximum cut- 
ting speeds of 14 ipm has been recommended for 
shape cutting. This does not imply that faster 
speeds are impossible, but that the lower speeds are 
necessary for manual tracing to maintain the ac- 
curacy required. For straight-line cutting, a speed 
of 18 ipm is recommended for '/; and */s-in. thick 
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Table 4—Natural-gas Cutting Data for 11% Mn.-8% Ni. Nonmagnetic Steel 


Plate 


thickness, Preheat oxygen, psi 


in. Tip size 
OOON 
OOON 
OOON 
OOON 45 


High- 

Natural gas, psi pressure Cutting 
High Low oxygen, psi speed, ipm 
1'/, Adjust gas 55-75 16 
l'/; pressure 55-75 15 
1'/; for proper 55-75 14 
l'/, flame setting 55-75 13 


Natural-gas preheat should be higher than normal to eliminate loss of cuts. Preheat flame should be 4 to 6in. long on ‘‘low.”’ 
Thin plates that have a high warpage rate should be cut using an electric 
eye, thus leaving the operator free to raise and lower torches as necessary. 


Torches should be carried 1 to 1'/, in. above plate. 


Table 5—Powder Cutting of 304 Stainless Steel 


Thickness, Oxygen, Natural gas, Powder 
in. psi psi setting 
7-10 3 
7-10 
7-10 
7-10 
7-10 
7-10 


Speed, 


ipm 
10 


material. This is for an average condition only. 
Speeds up to 26 ipm have been used in oxygen cutting 
these thicknesses of plates. 


Oxygen Cutting of Nonmagnetic Steel 
Nonmagnetic steels require more preheat than the 
low-carbon steels. This steel contains 11°; man- 


Table 6—Natural-gas Beveling of Mild Steel, for No. AA-0346 Preheating Beveling Tips 


A 


PARTIAL BEVEL 


1 

3 


‘/8 
l'/s 
13/, 
2 
2°/16 


FULL BEVEL 


-——Pressures, psi 

Tip size Oxygen Natural gas Speed, ipm 
0-VVC 45 

0-VVC 45 

1'/, VVC 
1'/, VVC 
1'/, VVC 
2 VVC 

2 VVC 

3 VVC 

3 VVC 

3 VVC 
1'/, VVC 
1'/, VVC 
l'/, VVC 
1'/, VVC 
1'/. VVC 
2 

2 ¥VC 

3 VVC 
1'/, VVC 
1'/, vvc 
1'/, VVC 
1'/, VVC 
1'/, VVC 
1'/, VVC 
1'/, VVC 
1'/, VVC 
2 VVC 

2 

3 VVC 


Preheat tip to be set '/, to */; in. above plate surface. For proper torch setting, adjust preheat for slight whistle, then reduce oxygen slightly. 


234 | MARCH 1960 


‘ 
3 
— 
Low 
12 
12 
12 
14 
| 
~ 
: 7 
6 
| 
Angle, 
3, #8 deg A, in B, in. C, in. 
45 1/, 1/, 3/, 
1/ 
45 2 16 
45 1 1’/i6 
45 l'/, l'/, 13/, 
45 l'/; 1'/; 2'/s 
45 2 2 2'3/16 
45 3 3 4/, 
1 
‘ 2 
1 12 ‘39 2 
l'/, 23/32 2'/s i 
l'/; 3 
7/39 3/5 ; 
*/16 3/4 
9/16 1 
3 1! / 
/4 
1'/. 
2 
| 


The “‘N”’ type tip is recom- 
Speeds and set- 


ganese and 8% nickel. 
mended for cutting this material. 
tings are listed in Table 4. 

In cutting stainless steel with natural gas, no 
trouble is encountered. Speeds are influenced by 
the iron-powder flow into the cut. Piercing is done 
separately with the compressed-air carbon-arc proc- 
ess, using */;-in. diameter rods. The cutting of 
stainless steel produces considerable irritating fumes. 
Cutting stations in confined areas will require an 
independent exhaust system. Speeds and powder 
settings are shown in Table 5. 


Beveling 

The beveling of steel has always been considered 
a more difficult operation than a straight cutting 
operation. The use of natural gas does not change 
this condition appreciably if standard tips are used. 
Beveling is more difficult because the angular de- 
flection of the flame necessary to produce an angular 
cut causes the preheat to be deflected away from the 
cut, giving a somewhat unbalanced preheat condi- 
tion. Most manufacturers have taken this into 
consideration and have incorporated higher pre- 
heating features into their tips to make them more 
adaptable for beveling. 

Another innovation is the double-headed tip that 
provides an extra preheating flame approximately 
one inch ahead of the cutting flame. By adjusting 
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the gas and oxygen pressures properly and using the 
correct speeds, satisfactory bevels can be obtained 
repeatedly with no difficulty. This type of tip was 
used to obtain the beveling data given in Table 6. 


Conclusion 


It can be said that theory, experience and actual 
installations have proved that natural gas is, at 
present, the most economical fuel gas for oxygen cut- 
ting of steel. Torch and tip designs have a very de- 
finite influence on oxygen and fuel-gas consumption, 
and a poorly designed torch or the misapplication 
of tip sizes can create erroneous data for any fuel 
gas. ‘Torches should be selected by definite trials, 
and the cutting ranges of each tip should be checked 
prior to final recommendations. 
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Fig. 1—Plasma-arc wire-feed torch blasts melted 
Stainless-steel wire onto aluminum plate at near-sonic 
velocity 


Fig. 2—-Tungsten-arc constricted-arc cutting, fore runner 
of plasma-arc torch, slices one-inch thick aluminum 


The Plasma-Arc Torch 
Finds a 
Wide Range of Tasks 


The plasma-arc torch, developed through several 
years of experimentation and production study, has 
opened new doors to high-temperature metal coating 
and fabrication. 

Its concept, however, goes back even further—to 
1943 and the development of the tungsten-arc 
welding process. In that year, the inert-gas 
shielded-arc process was introduced. In the follow- 
ing years, this concept was expanded with the de- 
velopment of tungsten-arc cutting, tungsten-arc 
spot welding and. . .the plasma-arc torch. 

The plasma-arc torch utilizes the constricted-arc 
principle, a development first used in tungsten-arc 
cutting. In tungsten-are cutting, however, the arc 
is transferred from the thoriated-tungsten electrode to 
the workpiece, and is protected from atmospheric 
contamination by an argon-gasshield. After leaving 
the electrode, but prior to reaching the workpiece, 
the arc is constricted in a narrow orifice at the end of 
the cutting torch. 

This constriction causes an arc of such high tem- 
perature and velocity that it easily melts and forces 
a narrow kerf through both ferrous and nonferrous 
metals up to 3 in. thick, at speeds up to 1000 ipm 
(see Fig. 2). 

The plasma-arc torch, on the other hand, uses a 
non-transferred arc, retaining the entire arc within the 
nozzle of the torch, between the nozzle and the tung- 
sten electrode. An intense jet of electrons and ion- 
ized gas particles issues from the constricting orifice, 


Based on a story by the Linde Co., New York, N. Y. 
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Plasma Jet 


Fig. 3—Diagram shows how non-transferred arc forms 
in nozzle of plasma-arc torch. Constricted opening 
and high-velocity gas flow help create plasma jet 


reaching temperatures up to 30,000° Kelvin—the 
highest ever harnessed by industry (see Fig. 3). So 
fierce is this plasma jet that operators of the torch 
are forced to wear ear muffs as protection against 
its high-pitched whine (see Fig. 4). 

The constricted-arc torch would appear to require 
high-frequency starting to initiate the arc. But 
another development, pilot-arc starting, eliminates 
the high-frequency unit. Similar to the pilot light 
on a gas stove, the pilot arc keeps a ball of incandes- 
cent gas in the cup of the torch. The electrode is 
kept hot and ready to fire, so that the instant full 
potential is applied, the regular arc immediately 
takes effect. 

The plasma-arc torch performs both metal coating 
and fabrication by a single method. The metal, 
tungsten for example, is drawn into the torch in 
powdered or wire form. The particles are melted in 
the intense heat of the arc—most of the materials 
used melt above 4500° F, tungsten melts above 
6000° F—and are carried from the nozzle at near- 
sonic speed (see Fig. 1). 

The particles strike the spinning target—either 
the part to be coated, or a brass mandrel in the form 
of the part to be fabricated—in a fluid or plastic 
state, and are cooled at once by sprays of carbon- 
dioxide gas to form a hard, dense coating. In the 
case of fabricated parts, the brass madrel is then dis- 
solved in nitric acid, leaving only the part desired. 


. 
Fig. 4—Operator wears ear muffs to shut out noise as 
missile nose cone takes shape 


as 


ae 
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Fig. 5—-Plasma jet forms visible shock waves, useful 
as wind tunnel aid 


Another application of the plasma-arc torch is in 
materials testing. The torch produces hot gases of 
such velocity that the shock waves they form are 
visible to the naked eye (see Fig. 5). When mounted 
in a wind tunnel, the torch reproduces the conditions 
that a missile would encounter when re-entering the 
earth’s atmosphere at meteoric speed. Nose-cone 
materials and designs can thus be tested under fully 
simulated operating conditions. 

The plasma-arc torch has certainly found a wide 
range of tasks to perform. The refractory metals, 
their compounds, carbides and oxides, and the noble 
metals can now be fabricated in shapes or employed 
as coatings, using their special high-melting, low- 
corroding properties to solve many military and in- 
dustrial problems. Although new applications ap- 
pear daily, there is little chance that metals tech- 
nology will soon outdistance the capacities of the 
torch. 
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Fig. 1—Operator using a heavy-duty compressed-air carbon- 
arc torch and '/.-in. copperclad electrodes to cut a 10-in. 
diam access door through a 12-in. thick solid-steel door 


Fig. 2—Frorn the reverse side, an oxyacetylene torch was 
used to rough cut a center opening. Oxygen cutting 
removed larger amounts of metal for the initial cut 


Fig. 3—Removing slag from access door in hot cell produced 
by oxygen cutting from the opposite side. Finish cutting 
was then done with a compressed-air carbon-arc torch 
to complete the opening through the door. Note tape 
sealing openings in 2rators clothing 


} 


Hot-Cell Doors Altered 
with Compressed-Air 
Carbon-Arc Process 


Ingenuity at Partsco, Inc., Columbus, Ohio, trans- 
formed a tough, expensive alterations task into a 
time- and money-saving assignment at one of the 
country’s nuclear research installations. At the in- 
stallation, two “hot cells’’ are used for remote study 
of radioactive materials. These are heavy-density 
concrete structures with walls 2 and 3 ft thick. 
Access is gained to each through large solid-steel 
doors, which are lowered into the floor. The 
smaller cell has a door 12 in. thick, weighing 23,000 
lb; the larger one a door 18 in. thick, weighing 
42,000 Ib. 

To provide easier access to the inside of the hot 
cells, it was decided to make smaller access openings, 
about waist high in the thick steel doors. By 
having these smaller openings in the hot-cell doors, 
materials being studied for suitability for use in 
nuclear projects can be placed into or taken out of 
the hot cells without having to lower the entire 
door. It was decided that this job could best be 
done with a compressed-air carbon-arc metal-removal 
torch. Although unfamiliar with air—carbon-arc 
equipment, a Partsco operator cut a 10-in. diam 
hole in the smaller steel door to a depth of 8 in. 
This was done by making repeated gouges, one over 
another until the desired amount of metal was re- 
moved. 

After this, operations were started from the oppo- 
site side of the hot-cell door. Several pieces of 
metal were cut from the center of the access opening 
with an oxygen-cutting torch. The oxygen-cutting 
torch removed several large chunks of metal from 
the center faster than could have been done with an 
air—carbon-arc gouging torch. With the center re- 
moved, more accurate finishing cuts were made with 
the arc torch. The technique here was to “shave”’ 
away unwanted metal by making repeated gouges in 
a circular direction. This method permitted accur- 
ate control of the amount of metal removed, more 
so than could have been had using other equipment. 

Since the air blast from the carbon-arc torch blows 
the molten metal away from the worked surface, it 
was necessary on this job to equip the operator with 
special protective clothing. During the initial goug- 
ing, the melted metal was thrown back toward the 
operator, until a hole was cut through the steel 
doors. Partsco equipped their operator with an 
asbestos apron, asbestos gloves and asbestos sleeves. 

Other protective clothing to avoid contamination 


Based on a story by the Arcair Co., Lancaster, Ohio. 
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Fig. 4—A stepped-steel sleeve was then tack welded in place 
and packed with lead-wool to complete the seal against 
highly charged radioactive particles which will fill atmos- 
phere within the hot cell when it is again placed into service 


from the radioactivity of the hot cells included 
overalls, caps and boots to be worn while working 
in the hot-cell area. Each time workers left the 
area, a complete change of clothing and thorough 
scrubbing of all parts of the body were required to 
remove any possible contamination. Caps, plastic 
boots and gloves are expendable and disposed of after 
having been worn once in the hot-cell area. 

After the 10-in. diam cuts were completed in the 
two hot-cell doors, steel sleeves were fitted into 
place and tack welded. Lead-wool was then packed 
between the sleeve and the opening in the door to 
complete the seal. The sleeve is of a stepped design, 
which will prevent the escape of radiation when the 
access plugs are placed into position. Because the 
radiation can travel only in a straight line, the 
90-deg offset of the sleeve stops its travel into the 
outer chamber. After the sleeves were welded into 
place, the matching metal plugs of the same length 
as the door thickness were placed into position. 

The entire job was completed in less than one 
week’stime. Actual work time with the air—carbon- 
arc torch was far less than 25 hr, even though the 
torch operator was unfamiliar with the equipment 
when the job was begun. A 1200-amp motor-gener- 
ator-type welding machine supplied the necessary 
electrical current for the carbon-arec torch. Com- 
pressed air, 90 psi, was used with a heavy-duty 
model torch. Electrodes of '/, in. diam, d-c type 
copperclad carbon-graphite were used. 


Fig. 5—With access-door opening in door completed, operator 
prepares to place 240-ib metal plug in position. The protec- 
tive clothing must be worn in the chamber outside the hot 
cells to protect workers from damaging radiation. Caps, 
boots and gloves must be destroyed after use 


Fig. 6—Steel door is lowered to place access-door plug in 
position. Mechanical hands are used to work on 
materials 
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Exceptional Ladies’ Program Is Featured 
at 41st Annual Meeting and Exposition 


Members of the Los Angeles 
Section, hosts for the forthcoming 
4ist Annual Meeting and Exposi- 
tion, have spared no pains in 
arranging for the most interesting 
and spectacular Ladies’ Program 
ever to be offered at a national 
meeting. Although the previously 
reported technical sessions will reach 
a new high, the social program for 
the ladies during the week is one 
which could be scheduled only in the 
fabulous Los Angeles area—Holly- 
wood, Beverly Hills, Disneyland. 
Revealing significant trends in fem- 
inine styles, the fashion shows and 
fashion shops offer many original 
American designs. Visits to the 
world-famous movie studios, TV 
and radio studios and the homes of 
famous stars represent an oppor- 
tunity found nowhere else. 

Other social activities include the 
banquet on Monday evening fol- 
lowing the Presidents’ reception. 
A natienally known master of 


ceremonies has been selected and an 
outstanding program has been ar- 
ranged to ensure an enjoyable 
evening. 

In addition, plant tours have 
been arranged for Wednesday and 
Thursday to leading manufacturers 
in the area. 

The ladies’ program starts offi- 
cially on Sunday, April 24th, with 
registration from 12:30-4:00 P.M. 
A pleasant rodm at the Biltmore 
Hotel has been placed exclusively 
at the ladies’ disposal from Sunday 
morning to Friday at 5:00 P.M. 
Each morning, coffee and doughnuts 
will be served and the ladies will 
assemble here for their daily excur- 
sions. The following schedule has 
been tentatively arranged: 

Sunday, April 24. Registration. 
Tea 4-6 P.M. Social get-to- 
gether 6-8 P.M. 

Monday, April 25. Fashion Show 
and luncheon. 

Tuesday, April 26. Tour of movie, 


Los Angeles, looking north from Harbor Freeway to snow-capped mountains 
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and TV studios. Visit other 
attractions in area. 
ednesday, April 27. All-day 
visit to Disneyland. 

Thursday, April 28. Tour to be 
arranged. 

Friday, April 29. Free to shop 
and visit on your own. 


While the final arrangements for 
the ladies’ program and other social 
activities are now in process, the 
other previously mentioned fea- 
tures of the 41st Annual Meeting 
and Exposition have been definitely 
arranged. Among these, the theme 
of central interest is the presentation 
of 69 technical papers covering a 
wide variety of theoretical and 
practical phases of welding. These 
papers will be read and discussed 
throughout the week as scheduled 
in the program printed in the Janu- 
ary issue of the JouRNAL. High- 
lighted in this program is the presen- 
tation of the Adams Lecture by 
Robert D. Stout. One of the fore- 
most authorities in the field of 
welding research metallurgy, Dr. 
Stout has chosen as his subject 
“Higher Strength Steels in Welded 
Structures.” 

Attendance at the Exposition, to 
be held at the Great Western 
Exhibit Hall, April 26—-28, is ex- 
pected to exceed by a large margin 
all previous attendance records. 
This estimate is borne out by the 
heavy advance registration and the 
unusually large space reservation 
made by manufacturing organiza- 
tions. The forecast at present is 
that about $3,000,000 worth of 
welding equipment will be exhibited 
by about 150 firms from all over the 
country. Many new products and 
processes will be on view. 

The 41st gives promise to be the 
greatest Annual Meeting and Ex- 
position ever to be held by the 
Socrety. The members of the Los 
Angeles Section who are the hosts 
for this affair have been hard at 
work to this end. 
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e A long distinguished career came 
to an end last New Year’s Day with 
the death in San Diego, Calif., 
of- Col. Glen Jenks who served as 
AWS President for two terms 1940 
42. 


e@ The opening days of the new 
year were filled with conferences 
at headquarters or by telephone 
with President C. I. MacGuffie, 
Vice-president R. D. Thomas, Jr., 
Past-president J. J. Chyle, Treas- 
urer H. E. Rockefeller, Director 
D. B. Howard, American Bureau of 
Shipping President Brown, Expo- 
sition Manager Kenworthy, Staff 
members Fenton, Mooney, Phillips 
and Rossi, WRC Directors Sprara- 
gen and Koopman, Convention 
Chairman Dato, T. Rusinowski of 
Liege, Belgium, architects for the 
new United Engineering Center, 
and many active committee chair- 
men and members. 


@ On Tuesday, January 12th, Presi- 
dent MacGuffie and your Secretary 
were met at the Cincinnati airport 
by Section Officers R. L. McKenney 
and R. G. Gilliss to start a full 
schedule of activities which included 
lunch at the airport, inspections 
of plants of Precision Welder and 
Flexopress Corp. and of Cincinnati 
Milling Machine Co. where Foundry 
Supt. M. E. Rollman and Welding 
Supervisor W. A. Maddox were 
cordial hosts, a social hour and 
dinner meeting of the Cincinnati 
Section at which your Secretary 
spoke about society activities and 
the new UEC fund drive, and Presi- 
dent MacGuffie presented “A 
Glimpse at the Future of Weld- 
ing.”” District Director H. E. 
Schultz, three Sustaining Members 
including Ed Caluwaert, perhaps a 
dozen past chairmen of the section, 
Officers McKenney, Gilliss, Swanson 
and Weiss, and a large group of 
other members participated in the 
program which also included an 
interesting ‘“‘coffee talk’ and a 
spirited business meeting. 


e The following day your Secre- 
tary left President MacGuffie to 
join the Cleveland Section at its 
Annual Executives’ Night Dinner 
Meeting for which Michael Shane 
was chairman and at which Section 
Chairman Tom Dempsey intro- 
duced Toastmaster J. J. Dalton of 
U. S. Steel who presented your 


Secretary for a discussion of the 
United Engineering Center, and 
then the main speaker L. S. Hama- 
ker of Republic Steel Corp. who 
discussed ‘‘Marketing the 
Steel Industry.”’ The three hundred 
dinner guests included Section Offi- 
cers R. C. Pagenkopf, W. Romance 
and R. W. Metzger, Jr., many 
past chairmen, outstanding execu- 
tives and a large number of long 
time and very good friends of your 
Secretary. 


@ Bad weather and a morning 
speech commitment necessitated an 
11-hr overnight bus ride from Cleve- 
land to Louisville where your Secre- 
tary spoke before engineering stu- 
dents at the University and con- 
ferred with Professor R. D. Zucker 
and M. E. Dept. Head C. O. G. 
Wittig prior to an interesting tour 
of the excellent laboratory facilities 
of that department. Students D. 
L. Bradbury and D. G. Miller 
planned and conducted the well- 
attended meeting in Speed School 
Auditorium at which your Secre- 
tary discussed the importance and 
advantages of welded fabrication 
procedures. 


@ That evening Chairman W. W. 
Wood presided during the social 
hour and dinner meeting of the 
Louisville Section at which Dana 
Wilcox of Reynold’s Metal Co. 
discussed the welding of aluminum 


by Fred L. Plummer 


and your Secretary again spoke 
about AWS activities and the UEC. 
District Director H. E. Schultz, 
Section Secretary J. J. Hennessey, 
J. W. Brown, Gene Schade and a 
large portion of section members 
attended this interesting meeting. 


@ The next day H. W. Mishler 
transported your Secretary in a 
Volkswagon from Columbus airport 
direct to the Battelle Memorial 
Institute for conferences with Perry 
Rieppel and C. B. Voldrich, fol- 
lowed by an interesting inspection 
of some of the fine facilities of the 
Institute, together with George 
Linnert of Armco Steel Corp., 
who spoke on welding of precipi- 
tation-hardening stainless steels 
at the dinner meeting of the Colum- 
bus Section. Your Secretary gave 
a “coffee talk” on the UEC and 
Society activities at this well-at- 
tended meeting conducted by Sec- 
tion Officers H. W. Mishler, R. S. 
Ryan, W. L. Green and C. J. 
Meinhart. 


@ Members of your Executive- 
Finance Committee gathered at the 
Engineers’ Club in Philadelphia on 
January 18th to act for the Board of 
Directors on matters needing atten- 
tion in the interim between board 
meetings, including consideration of: 
a memorial resolution for R. M. 
Wilson, Jr.; appointments to the 
National Science Foundation Board; 


AWS DIRECTORS-AT-LARGE 


Term Expires 1960 1961 
J. F. Deffenbaugh 
A. E. Pearson 
C. M. Styer 


A. A. Holzbaur 
D. B. Howard 
C. E. Jackson 
J. L. York 


1962 

Jay Bland 

F. G. Singleton 
C. B. Smith 

J. R. Stitt 


AWS DISTRICT DIRECTORS 


District No. leNew England G. W. Kirkley 
District No. 2eMiddle Eastern E. E. Goehringer 
District No. 3eNorth Central J. W. Kehoe 
District No. 4eSoutheast E. C. Miller 
District No. 5eEast Central H. E. Schultz 


J. N. Alcock 
L. L. Baugh 


District No. 6eCentral 
District No. 7eWest Central 
District No. 8eMidwest 
District No. 9eSouthwest 
District No. 10eWestern 
District No. 11 eNorthwest 


. McGinley 
. Robinson 


AWS PAST PRESIDENT DIRECTORS 


J. J. Chyle 


G. 0. Hoglund 


C. P. Sander 
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DRAMATIC GROTTO—The Wailua River trip on Kauai ends in the drama of this fern 
Grotto. Giant ferns completely cover the top of the cave and beyond that a waterfall 
drops onto rocks below. It is deeply quiet and mysterious, the kind of place that stirs 
the imagination in the many legends and folk-lore of Kauai. 


* A WONDERFUL CLIMATE! 

* EQUALLY WONDERFUL PEOPLE! 

* GREAT MOUNTAIN PEAKS! 

* INCREDIBLY DEEP CANYONS! 

* SWIMMING AND SURFING! 

* FINE BOATING! 

* TREMENDOUS FISHING! 

* EVERY POSSIBLE OUTDOOR SPORT! 
* SUPERB HOTELS! 

* A VARIETY OF ENTERTAINMENT! 
* EVERYTHING YOU CAN THINK OF! 


Yes! Hawaii has everything—and it’s all waiting for YOU! 


Don't wait too long to make 


your reservations for the 
AWS MID-PACIFIC CONFERENCE 
APRIL 30-MAY 7, 1960 
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reappointment of H. E. Rocke- 
feller as treasurer; election of 
Honorary Members (to be an- 
nounced at later date); reports of 
Administrative, Districts, Publica- 
tions and Promotions and Techni- 
cal Councils; site for 1961 Fall 
Meeting (Dallas); financial, mem- 
bership, annual meeting, exposition 
and other reports. Those in at- 
tendance included President Mac- 
Guffie, Vice-presidents Chouinard 
and Thomas, Past-president Hog- 
lund, Treasurer Rockefeller, Direc- 
tor Holzbauer and your Secretary. 
Exposition Chairman Norcross at- 
tended a portion of the meeting. 
Past-president Chyle missed the 
meeting as advised by his doctor 
(virus infection). 


e@ That evening the Philadelphia 
Section celebrated National Officers’ 
Night with a large turnout of 
members for a dinner meeting at 
which President MacGuffie pre- 
sented his excellent address giving 
‘‘A Glimpse in the Future of Fusion 
Welding.”” Mr. R. D. Thomas, Sr., 
introduced 19 (including himself) 
of the 32 past chairmen of the Sec- 
tion and gave a brief, interesting 
history of the founding of AWS in 
1919 and of its first section—Phila- 
delphia—in 1920. During the meet- 
ing which was conducted by Chair- 
man Frank lIapalucci, President 
MacGuffie presented a National 
Meritorious Certificate Award to 
Past-president Harry W. Pierce 
in recognition of his counsel, loyalty 
and devotion to affairs of the 
Society, and his assistance in 
promoting cordial relations with 
industry and other organizations. 
Vice-president Chouinard and Dis- 
trict Director Goehringer spoke 
about the United Engineering Cen- 
ter (the Philadelphia Section has 
already subscribed 93% of its $2800 
goal). Those in attendance in- 
cluded Vice-chairman Walter H. 
Wooding, other Section officers, 
Charter Member Charles Cooper, 
TAC Chairmen McKinney and 
Hussey, and many other prominent 
and active AWS members. 


@ The following day Vice-president 
Thomas (now president-elect) spent 
the entire day with your Secretary 
and Staff Members preparing for 
the meeting of your Technical 
Council held January 20th at So- 
ciety Headquarters. This all-day 
meeting was devoted to a study of 
activities of your education, hand- 
book, journal and technical de- 
partments, and consideration of 
long range plans and _ budgets. 
Council Members in attendance 
included Chairman Thomas, Di- 


| 
Bulletin from Hawaii 
By 
| 
® 
Bie 


rectors Jackson, Howard, Pearson, 
Schultz and C. B. Smith, together 
with your Secretary and Asst. 
Secy. Mooney. Vice-president 
Chouinard, Technical Secy. Fenton 
and Journal Editor Rossi were 
part-time attendants. 

@ On January 19th Past-president 
Sander held a meeting of Chairmen 
of arrangement committees for the 
Annual Meeting and Welding Expo- 
sition to be held in Los Angeles 
April 25 to 29. Exposition Mana- 
ger Kenworthy and Staff Member 
Phillips attended this meeting and 
spent several days in Los Angeles 
completing plans for the exposition, 
publicity, public relations and other 
arrangements. 

e@ During the past month 543 per- 
sons have requested hotel reserva- 
tions for the Los Angeles meeting. 
More than thirty persons have 
registered for the Mid-Pacific Con- 
ference in Hawaii. These early 
returns, as well as exposition space 
reservations, indicate that attend- 
ance in Los Angeles may break all 
records (with an unusually large 
number of ladies) and that a large 
group will enjoy the trip to Hawaii. 
@ Two new publications—‘‘Weld- 
ing Ferrous Materials for Nuclear 
Power Piping” and “Gas Tung- 
sten-Arc Welding of Titanium Pip- 
ing and Tubing’’—were issued dur- 
ing January by the Technical De- 
partment. Five others were ap- 
proved for publication by the Tech- 
nical Council. 

@ The Educational Activities Exec- 
utive Committee met in Philadel- 
phia on January 12th with Chair- 
man C. E. Jackson and Secretary 
A. L. Phillips. Plans were finalized 
for a special course to be held in the 
Commodore Hotel in New York 
during the week of March 7th. 
This course is planned to acquaint 
design and production engineers 
with the latest developments in 
and proper uses of the various 
gas-shielded arc-welding processes. 
e@ Tellers of Election, on January 
28th, canvassed the nomination bal- 
lots of members and reported no 
“write-in’”’ nominations and the 
resulting election of all those nomi- 
nated by the National Nominating 
Committee and listed in the De- 
cember 1959 issue of the JOURNAL. 

@ The energetic leadership of Vice- 
president Chouinard and the eleven 
District Directors continues to yield 
a gratifying response from Sections 
and individual members in meeting 
the Society goal of $60.000 in 
donations to the United Engineering 
Center Building Fund. As of mid- 
January, twenty Sections had 
pledged their full goal or needed 
only small amounts to do so. 
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EDUCATIONAL 


ACTIVITIES 


From Forging to Welding at the University of Michigan | 


BY LESLIE E. WAGNER 


For many years forging was taught 
in the East Engineering Building 
of the University of Michigan at 
Ann Arbor, Mich. Forging, how- 
ever, like the Model “T,” had 
served its day in engineering educa- 
tion and had to give way to newer 
methods of metal fabrication. 
Welding was the natural replace- 
ment. 

In 1946 the forge shop was dis- 
continued and converted into a 
modern welding department which 
became a part of the Mechanical 
Engineering College. Equipment 
for welding, fabricating, tensile test- 
ing, hardness testing and metal- 
lographic inspection was secured 
to supplement the University’s facil- 
ities. 


Curriculum 


A new curriculum offering under- 
graduate and graduate courses in 
technical and practical welding and 
welding metallurgy was instituted. 
The following courses are taught in 
the welding laboratory: 

M.E.172—-A theory course in 
welding. 

M.E.173—A technical and prac- 
tical course built around gas-weld- 
ing applications. 

M.E.174—A technical and prac- 
tical course designed to give in- 
formation and training in the elec- 
trical welding processes. 

M.E.200—A__ special _research 
course in welding arranged by the 
student to meet his own needs. 

M.E.503S, 504S—Similar to 
M.E.173 and 174 but designed to give 
industrial and vocational instructors 
an opportunity to become pro- 
ficient in the teaching of welding on 
secondary as well as trade-school 
levels. 

M.E.2—A freshman _introduc- 
tory engineering course in applied 
metallurgy requiring 6 hr in weld- 
ing. 

M.E.32—-An advanced engineer- 
ing course in materials and proc- 
esses in manufacturing, requiring 
6 hr of advanced welding theory. 


LESLIE E. WAGNER is assistant professor of 
Welding at the University of Michigan, Ann 
Arbor, Mich. 
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A noncredit evening course was 
described in the May 1959 WeELp- 
ING JOURNAL, 498-499. 


Attendance 


Students registering for courses 

have included those with no welding 
experience and others with as much 
as 34 years of welding experience. 
The beginners seek basic welding 
training and the experienced welders 
desire metallurgical and advanced 
technical information. Many want 
training in newer phases of welding, 
such as inert-gas metal-arc welding 
and the aluminum-welding proc- 
esses. 
The full-term courses are elective 
and may be selected by any student 
in naval architecture or marine, 
aeronautical, civil, mechanical, in- 
dustrial, chemical or metallurgical 
engineering. 

Each semester, an average of 
three hundred or more engineering 
students receive an introduction to 
welding and approximately fifty 
students take the 2-hr credit course. 
Many foreign students have taken 
advantage of the opportunity to 
secure specialized welding training 
and have returned to their countries 
as welding engineers. Men from 
26 foreign countries have been 
trained in the welding laboratory. 


Facilities 

The equipment was selected to 
correspond with standard indus- 
trial sizes so that students could 


become accustomed to them while 
in the engineering college. The 


welding machines in the laboratory 
were arranged to accommodate up 
to 28 students. The arc-welding 
section consists of fifteen 300-600 
amp a-c, d-c and rectifier-type 
welding machines of standard 
makes. The down-draft suction 
system from the old forge shop 
provides for removal of arc welding 
fumes. A 14-station manifold gas 
welding system was arranged so 
that the students’ work might be 
easily observed by the instructor. 
Equipment is also available for 
atomic-hydrogen and _inert-gas 
metal-arc welding. Semiauto- 
matic arc welding equipment and a 
submerged-arc welding machine pro- 
vide experience in automatic weld- 
ing operations. 

The laboratory is equipped with 
resistance-welding machines for 
spot, gun, butt and seam welding. 
Equipment for metallizing is now 
being added. A 60,000-lb tensile 
testing machine and machines for 
hardness, impact and fatigue test- 
ing are used for destructive testing 
of weldments. Complete metal- 
lurgical equipment plus the facil- 
ities of a darkroom are available 
for metallurgical welding instruc- 
tors. 


Industry Support 

Many different companies have 
generously contributed equipment 
and assistance in establishing the 
welding laboratory. The Detroit 
Section of the AWS has also aided 
in building the welding department 
at the University. 


Some of the facilities in the welding shop at the University of Michigan at Ann Arbor 
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As Reported to Catherine M. 0.’Leary 


LARGE-WELDMENTS 
FABRICATION 


Birmingham—On Tuesday, 
January 12th, the Birmingham Sec- 
tion held its monthly meeting at 
Salem’s Restaurant Number Two. 
Two important items of business 
were conducted before the talk for 
the evening. The Section voted to 
contribute an additional $120 ($1.00 
per member) to the United Engi- 
neering Center Building Fund. 
This is in addition to the $120 
contributed last year. 

The Educational Committee re- 
ported that a series of lectures had 
been organized to run during the 
month of February and ending with 
the March meeting. The Birming- 
ham Section would underwrite this 
venture. 

J. L. Lang, welding engineer, 
Lukens Steel Co., gave the talk of 
the evening on the subject “‘Large- 
weldments Fabrication.” Mr. 
Lang presented a very interesting 
talk and, among other things, listed 
a set of rules to avoid distortion. A 
series of slides was presented show- 
ing heavy weldments up to 130 ft 
long fabricated from steel up to 16'/, 
in thick. 


METALLIZING 


Denver—The Colorado Section 
held its January meeting at Cava- 
leri’s Restaurant on January 12th. 
The group gathered at about 6 : 30 
P.M. for an appetizer until 7:00 
P.M. when dinner was served. 
Coffee speaker was Robert L. Krum- 
vieda, who spoke on wills, inheri- 
tance laws, estate planning and rec- 
ommended ways of saving and in- 
vesting. 

J. E. Young, Jr., president of the 
General Metallizing & Machine Co. 


ATTEND 


LOS ANGELES, CALIF. 
APRIL 26-28, 1960 


SECTION NEWS AND EVENTS 


AWS WELDING SHOW 


of Houston, Tex. was the main 
speaker. His topic was ‘‘Metal- 
lizing.”’ His talk and the slides used 
for illustration were all very inter- 
esting. 


Ilinois = 


WELDING OF ALUMINUM 


Danville—A highly informative 
and well-presented talk was given 
by Howard E. Adkins, welding 
specialist in the District Engineering 
Group of Kaiser Aluminum, Chi- 
cago, at the December 22nd dinner 
meeting of the Eastern Illinois Sec- 
tion held at the Brown Derby. 

Mr. Adkins’ talk covered alumi- 
num alloys and alloy selections; 
comparison of aluminum and steel 
welding; equipment required and 
recommendations for production use 
of gas tungsten-arc and gas metal- 
arc welding of aluminum; cleaning 
and oxide removal and preparation 
for welding; shielding gases and 
recommendations; porosity and its 
control; filler-wire selection and 
practical aspects on techniques rec- 
ommended. 

Following the talk an excellent 12- 
minute film on “Aluminum Weld- 
ing’’ was shown. 


WELDING RECTIFIERS 


Joliet—The -J. A. K. Section met 
for dinner and meeting on January 
14th at D’Amico’s Restaurant. 
Dennis Pierce of A. O. Smith Corp., 
Elkhorn, Wis., gave an informative 
talk on new developments in recti- 
fiers in the welding industry. 

The discussion centered around 
the difference between selium recti- 
fiers and silicon rectifiers. The 
talk was followed by a lively dis- 
cussion period. 


SYMPOSIUM 


Peoria—A Welding Symposium 
sponsored by the Peoria Section and 
Bradley University was held on 
Saturday, Dec. 5, 1959, at Jobst 
Hall, Bradley University, starting 
at 1 P.M. 

The first speaker was Omer 
Blodgett of the Lincoln Electric Co., 
who spoke on ‘‘Product Design for 
Welding.”” Helmut Thielsch of the 


Grinnell Co. was the next speaker. 
His subject dealt with ‘““The Science 
of Welding Inspection.” The last 
speaker for the afternoon session was 
Anthony Pandjiris of Pandjiris 
Weldment Co., who spoke on “‘New 
Development in Machine Tools for 
Welding.”” The afternoon session 
adjourned at 5:00 P.M. 

At 6:30 P.M. a dinner in honor of 
Elmer E. Isgren, Executive Vice- 
president of LeTourneau-Westing- 
house Co., was held at Vonachen’s 
Junction. M. Yontz, President of 
LeTourneau-Westinghouse was the 
toastmaster and he presented Mr. 
Isgren a plaque from the Peoria 
Section in recognition of his interest 
in welding and his work in forming 
the Peoria Section many years ago. 

A very interesting speech was 
given by National Secretary Fred 
Plummer who dealt with the func- 
tion of the Society on a national 
basis. 

Another dignitary in attendance 
was District Director L. L. Baugh of 
Springfield, Ill. 


COVERED ELECTRODES 


South Bend—The Michiana 
Section was treated to a discussion 
of covered electrodes by Harry 
Reid, Jr., manager of the Technical 
Service Division of the McKay Co., 
York, Pa., at its dinner meeting 
held on Dec. 17, 1959, at Russ 
Restaurant. 

Mr. Reid surveyed the history of 
covered electrodes beginning at 
about World War I time. During 
the growth of the electrode industry, 
each manufacturer would produce 
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SECTION MEETING CALENDAR 


APRIL 1 
PHILADELPHIA Section. 
“Solder Aluminum?” 


APRIL 4 
LEHIGH VALLEY Section. Plant tour. 


APRIL 5 

WESTERN MASSACHUSETTS Section. Silhou- 
ette Restaurant, Thompsonville, Conn. ‘Product 
Design for Welding,” John Mikulak, Worthington 
Corp. 
APRIL 6 

OKLAHOMA CITY Section. Dinner meeting. 
Swyden’s Restaurant. Subject: Pipe Welding. 

SUSQUEHANNA VALLEY Section. Dinner meet- 
ing. 6:45 P.M. Foot Hills Manor, Shickshinny, 
Pa. “Recent Developments in Submerged-arc 
Welding,” Wm. Sharav, Linde Co. 

TULSA Section. 


APRIL 7 
NORTHERN NEW YORK Section. Panetta’s 
Restaurant, Menands, N. Y. Dinner 7:00 P.M. 
Meeting 8:15 P.M. “Peco-foil Welding,” L. W. 
Mecklenborg, Precision Welder & Flexopress Corp. 
SAGINAW VALLEY Section. Ladies Night Din- 
ner Dance. 


APRIL 8 
DETROIT Section. ‘Welded Products Month’’ 
Meeting. 


APRIL 11 

NORTHWEST Section. Elks Club, Minneapolis, 
Minn. Happy Half Hour 6:00 P.M. Dinner 6:30 
P.M. “Welded Aluminum Structures,” Dana 
Wilcox. 

WICHITA Section. “Power Supplies for the Arc- 
welding Process,” G. K. Willecke, Miller Electric 
Mfg. Co. Inc. 


APRIL 12 

BIRMINGHAM Section. 
Cutting.” 

DAYTON Section. Kuntz’s Cafe. Social 6:30 
P.M. Dinner 7:00 P.M. Meeting 8:00 P.M. 
“Brazing—Production Brazing,” D. C. Herrschaft, 
Handy & Harman. 

NEW JERSEY Section. Essex House, Newark. 
Dinner 6:30 P.M. Meeting 8:00 P.M. 

NEW YORK Section. Victor's Restaurant. Din- 
ner 6:15 P.M. Program 7:15 P.M. “Welded De- 
sign Features of the Western Electric Building,” 
W. H. Heidtmann, Purdy & Henderson Assoc. 

NORTHEAST TENNESSEE Section. “Welding of 
Dissimilar Metals.” 

NORTH TEXAS Section. Western Hills Inn, 
Dallas. Dinner and technical session. 6:30 P.M. 


APRIL 13 
STARK CENTRAL Section. Plant tour at Jay 
Manufacturing Co. 


APRIL 14 
DETROIT Section. Engineering Society Detroit 
Auditorium. Welded Products Month Meeting. 
IOWA-ILLINOIS Section. LeClaire Hotel, Mo- 
ine, Ill. “Resistance Welding.” 


Panel Discussion 


“Natural-gas Oxygen 


J. A. K. Section. Joliet, Illinois. “Silver Braz- 
ing,” Ward Dawdy, Central Steel & Wire Co. 

ST. LOUIS Section. Ruggeri’s Restaurant. “One 
Hundred Years of Welding,” H. Schwartzbart, 
Armour Research Foundation. 


APRIL 15 

FOX VALLEY Section. Appleton Elks Club, 
Appleton, Wis. 7:45 P.M. “Welding T-1 Steel,” 
Louis K. Keay, Lukens Steel Co. Movie—‘‘Posi- 
tioning Equipment.” 

MARYLAND Section. 

MILWAUKEE Section. Ambassador Hotei. “The 
Case for and Against Stress Relieving,” Louis J. 
Larson, Allis-Chalmers Mfg. Co. 

PEORIA Section. Plant tour of Allis-Chaimers 
Mfg. Co., Springfield, III. 


APRIL 18 

ROCHESTER Section. Liederkranz Club, 
Rochester, N. Y. Dinner 7:00 P.M. Meeting 8:00 
P.M. “Stump the Experts.” Joint meeting Roches- 
ter, Syracuse and Niagara Frontier Sections. 

PHILADELPHIA Section. Engineers Club. 
“Submerged-arc Welding of Low-alloy Steels,” P. 
J. Rieppel, Battelle Memorial Institute. 

SAN FRANCISCO Section. Dinner meeting. 
“New Developments in Welding Electrodes,’ D. C. 
Smith, Harnischfeger Corp. 


APRIL 19 

HOLSTON VALLEY Section. Kingsport, Tenn. 
“Hard Surfacing and Its Characteristics, Applica- 
tions and Methods.” 

NEW HAMPSHIRE Section. Queen City Motel, 
Manchester, N. H. 7:00 P.M. 

TOLEDO Section. Toledo Yacht Club, Bayview 
Park, Toledo, Ohio. Dinner 6:00 P.M. Meeting 
8:00 P.M. “Ultrasonic Welding and New Develop- 
ments’’ R. E. Monroe, Battelle Memorial Institute. 

YORK-CENTRAL PENNSYLVANIA Section. 


APRIL 21 

MADISON Section. Panel Discussion “Welding 
Problems.” 

MAHONING VALLEY Section. Plant visit. 

RICHMOND Section. Westwood Club, Richmond, 
Va. 

WASHINGTON Section. 
APRIL 22 

CHICAGO Section. Dinner 5:45 P.M. Milner’s 
Restaurant. Meeting 7:30 P.M. Peoples Gas 
Auditorium. “Time Standards for Welding,” P. L. 
Sommer, LeTourneau-Westinghouse. 

INDIANA Section. Severin Hotel, Indianapolis. 
Ladies Night. Dinner Dance. 
APRIL 26 

LOUISVILLE Section. 


APRIL 28 

NIAGARA FRONTIER Section. The Cypress, 
Buffalo, N. Y. Dinner 6:45 P.M. Meeting 8:15 
P.M “X-Ray and Nondestructive Testing.” W. R. 
Hampe, Westinghouse. 
APRIL 29 

PITTSBURGH Section. Georgian Room, Hotel 
Webster Hall. 23rd Annual Ladies Night and 
dinner. 


Editor's Note: Notices for June 1960 meetings much reach JOURNAL office prior to March 20th, so that 
they may be published in the May Calendar. Give full information concerning time, place, topic and 


speaker for each meeting. 
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electrodes to very general standards. 
After much difficulty, industry 
tightened the standards to assure the 
user of a constant product. 

Mr. Reid also traced the growth of 
coverings from cellulose to rutile, 
low hydrogen and iron powder, 
He also indicated the growth of 
specific electrodes and the decline of 
others. 


Louisiana 


WELDING OF ALUMINUM 


Baton Rouge—Howard  E. 
Adkins, welding specialist in the 
District Engineering Group of 
Kaiser Aluminum & Chemical Sales, 
Inc., addressed the Baton Rouge 
Section at a dinner meeting on 
December 16th. Though faced 
with problems of a torrential rain in 
the vicinity, 48 members assembled 
at the Bellemont Motor Hotel for 
cocktails at 6:30 and dinner at 7:30 

Mr. Adkins’ presentation com- 
menced with the selection of alumi- 
num alloys and went through the 
practical aspects of aluminum weld- 
ing with certain recommended tech- 
niques. Utilizing a very practical 
approach for a sound evaluation of 
aluminum and aluminum alloys, 
Mr. Adkins accompanied his talk 
with slides. The presentation was 
periodically interspersed with ques- 
tions. 

Following the presentation, a 
sound and color movie of aluminum 
welding was shown. 


WELDING OF ALUMINUM 


New Orleans—-The New Orleans 
Section held its monthly meeting on 
December 15th at Caruso’s Conti- 
nental Room. Cocktails and dinner 
preceded the meeting. 

Because of the increasing use of 
aluminum and aluminum alloys in 
the various industries located in this 
area, the 46 members and guests 
present showed great interest in the 
talk given by Howard E. Adkins, 
welding specialist in the District 
Engineering Group of Kaiser Alumi- 
num & Chemical Sales, Inc. 

Mr. Adkins talk was entitled 
“Selection and Welding of Alumi- 
num Alloys’ and was well received. 


Massachusetts 


RESISTANCE WELDING 


Worcester—-Members’ of the 
Worcester Section met at Nick’s 
Grill on January 11th to hear John 
F. Cantalin discuss briefly some of 
the spot-, seam- and projection- 


\ 
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welding applications at the Fisher 
Body Division of General Motors. 


INERT-GAS WELDING 


Detroit—The Detroit Section’s 
special technical-meeting series de- 
parted from its usual leanings 
towards resistance welding to hear 
an excellent discussion by Kenneth 
E. Richter of current possibilities in 
inert - gas consumable - electrode 
welding of light-gage mild steel. 
The gathering at the Rackham 
Building of the Engineering Society 
of Detroit on Dec. 3, 1959, was well 
attended. High audience interest 
was evident from the active dis- 
cussion which followed. John Can- 
talin is director of the special tech- 
nical-meeting series which is being 
most enthusiastically received. 


ANNUAL STAG NIGHT 


Detroit—-On Dec. 11, 1959, 210 
members and guests of the Detroit 
Section gathered for the holiday- 
season fun night at the plant of the 
Weltronic Co., which played host 
for the occasion. Entry to the 
party was through a labyrinth of 
passages and ribboned aisles which 
gave a most complete tour of the 
plant before the path led to the ad- 
jacent Welduction Corp. plant. 
There the guests enjoyed some more 
sightseeing and a lot of entertain- 
ment, including singing stars and 
musicians and an MC-comedian. 
A sumptuous buffet was spread and 
there was no excuse for thirst. 
Singing, talking and good fellowship 
lasted until very late. The Section 
is very grateful to their hosts for a 
wonderful evening. 


HEALTH HAZARDS 


Detroit —The January meeting of 
the Detroit Section was held at the 
Rackham Building of the Engi- 
neering Society of Detroit on the 
15th. Dr. William G. Fredrick, 
director of industrial hygiene of the 
Detroit Department of Health, com- 
pletely took over a somewhat du- 
bious audience within a very few 
minutes and treated it to a dis- 
cussion seldom equaled in value and 
interest. He spoke with complete 
familiarity of the many welding 
processes and associated processes. 
After citing the relatively recent 
wide usage of these processes and the 
long time involved in the detection 
and identification of the effects of 
some hazards, he cited a number 
which were cause for concern and 
explained what is known and what is 


AUTOMOTIVE RESISTANCE WELDING IS TOPIC 


John F. Cantalin spoke on resistance welding at the January 11th meeting of 


Worcester Section. 


Left to right are K. F. Clarke, Jr., J. P. Belisle, 


Mr. Cantalin, Chairman E. C. Hall, U.S.N. Caranchini and E. Speliman 


not known. He constantly asked 
for help in locating various opera- 
tions which could be observed in the 
furtherance of his studies. Pro- 
cesses, including resistance welding, 
which could introduce minute but 
extremely hazardous quantities of 
cadmium, beryllium and vanadium 
to the atmosphere were described. 
He left no doubt of the extreme 
toxicity of carbon tetrachloride. 
The practical aspect was never neg- 
lected. An exhaust fan is suspect 
of introducing carbon monoxide 
through backdrafting of furnaces 
until an adequate air intake is ar- 
ranged. In closing, Dr. Fredrick 
made no case for more civic regula- 
tion, but completely sold his audi- 
ence on the desirability of more in- 
spection and cooperation between 
industry and his department. 

The Section recommends this 


SPEAKS IN DETROIT 


Gas metal-arc welding was the subject 
of the talk presented by K. E. Richter 
at the December 3rd meeting of Detroit 
Section. He is shown above, at right, 
with J. Cantalin 


SPEAKS ON INDUSTRIAL HEALTH HAZARDS 


A discussion of industrial health hazards 
was presented by Dr. William G. Fredrick 
at the January 15th meeting of Detroit 
Section 


Here Dr. Fredrick is being congratulated 
by Chairman Ray Wilcoxson on 
his excellent presentation 
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On January 14th, the members of the 
Long Island Section were addressed by 
George Lubin who spoke of his experi- 
ences on a visit to Russia 


type of activity and this type of 
meeting to other sections. 


SHORT-ARC WELDING 


Grand Rapids—The regular 
monthly meeting of the Western 
Michigan Section was held on 
Monday evening, December 28th, 
at the First Methodist Church. 
There were 33 present for the ex- 
cellent dinner, and these were 


joined by 4 more for the technical 
session. 

The talk was given by J. R. 
Larimer, assistant regional manager 
of electric welding for the Linde 
Co. Mr. Larimer gave a well-pre- 
pared talk on the new “Short Arc’”’ 
process of shielded welding. 

He also showed slides and a movie 
of this process that were very in- 
teresting. Some of the movies were 
taken at 2400 frames a minute and 
showed the molten weld puddle in a 
very slow motion. This brought 
out the new process very clearly. 


“RED PUZZLE” 


Farmingdale—The regular 
monthly dinner meeting of the Long 
Island Section was held on January 
14th at the Casa Lou Restaurant in 
Farmingdale. Guest speaker was 
George Lubin of the Grumman Air- 
craft Engineering Corp., Bethpage. 

Mr. Lubin informed those present 
that he had attended the American 
National Exhibition in Moscow, 
Russia, as a synthetics specialist 
representing the Society of the 
Plastics Industry, Inc. He esti- 
mated that he had addressed 100,000 


ON POWER SUPPLIES 


G. K. Willecke presenting his talk on 
“Power Supplies for the Arc-welding 
Process” at the January 9th meeting of 
the New York Section 


Russians and had many personal 
conversations with a variety of in- 
dividuals. Supplemented with can- 
did color slides, his novel presenta- 
tion provided an intimate insight on 
how the average Russian feels about 
life in America. 


POWER SUPPLIES 


New York—‘Power Supplies for 
Arc-welding Processes” was the sub- 


ELECTRODE HOLDERS 


Excessive heat in a welding circuit is oftentimes caused 


by a resistance build-up at some point in the welding cir- 
cuit due to connections being loose or oxidization setting up 
in a mechanical type of terminal connection. 

Shown in the above “cut-c-way” picture of an Elec- 
trode Holder is the new HI-AMP, T.P.C. type of connection 
that can be adapted to ground clamps and quick discon- 
nect plugs as well as to electrode holders. 

T.P.C. means a Threaded Power Connection using the 
pressure of threads on a sleeve to drive the ends of any 
welding cable down into the depth of a cable socket, then 
locked into place with threaded plugs. An excellent electrical 
connection as well as providing direct contact with the 


Offere 


* 
| 
conducted into the heat-absorbing cable. 


ASK YOUR WELDING SUPPLY HOUSE FOR FURTHER INFORMATION 
LENCO, INC. JACKSON, MO. 


For details, circle No. $ on Reader information Card 


CABLE ATTACHMENTS 
GROUND CLAMPS 


: 354 W. ADAMS ST. 
iy 
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IF ITS STEEL... | 


THERES 


ELECTRODE 


P&H offers you a type and 
size for every job. 


Whatever the steel, Har- 
nischfeger can provide the 
right electrode to weld it. 


This broad selection enables 
you to match the chemical 
analysis, strength, and heat- 
treating properties of any 
steel, Precise quality control 
assures superior welding 
characteristics for all jobs, 
The results: faster, smoother 
deposits — minimum spatter 
— and strong, ductile welds. 


For example, you can really 
pour it on with P&H ultra- 
fast electrodes. Low-hydro- 
gen types let you weld diffi- 
cult steels with little or no 
pre-heat — and without 
cracks or pores, Still others 
provide both speed and qual- 
ity for ‘‘taming’”’ problem 
steels. 

In addition, the P&H line 
includes a full range of stain- 
less steel, mild steel, alloy, 
and hard-surfacing elec- 
trodes. Investigate P&H job- 
mated electrodes today. Send 
for Bulletin R-29 covering 
the entire line. 


313 


TAILORED 


WELD IT! 


HARNISCHFEGER 


WELDERS + ELECTRODES + POSITIONERS 


MILWAUKEE 46, WISCONSIN 


Export Division: 
4329 W. National Ave., Milwaukee, Wis. 


For details, circle No. 10 on Reader information Card 


ject for the January 12th meeting of 
the New York Section. G. K. 
Willecke, research director of the 
Miller Electric Mfg. Co. at Apple- 
ton, Wis., gave an excellent presen- 
tation of this important phase of the 
welding process. After hearing Dr. 
Willecke talk, the members were 
extremely grateful to him for his 
determination to overcome adverse 
weather and canceled air line sched- 
ules to arrive just in time to make 
the meeting. 

In his presentation, Dr. Willecke 
explained the basic types of power 
supplies used for arc welding, how 
and why they were developed, and 
the reasons for their continued use 
for present-day welding operations. 
He stressed the importance of proper 
selection of power supply to fit the 
welding process being used for a job. 
It should not only provide the prop- 
er voltage and current characteris- 
tics, but must be economical to 
purchase and operate and, in addi- 
tion, be easy and convenient to 
operate. 

Before the talk, Executive Com- 
mitteeman Ed Mooney introduced 
Bill Jiska to the group for recogni- 
tion. Bill is the 1959 National 
Champion Plumbers Apprentice, 
and is the second man in a row from 


NATIONAL OFFICERS IN CINCINNATI 


President C. |. MacGuffie and Secretary 
F. L. Plummer, foreground, were the 
principal speakers at the January 12th 
meeting of Cincinnati Section. Retired 
umpire Larry Goetz, extreme left. was 
the coffee speaker 


Here Section Vice-chairman R. Gillis 
and Chairman Ronald McKenney are 
shown with President MacGuffie. 
Seventy-five members and guests at- 
tended meeting 


Local No. 1 Brooklyn, who has won 
this competition. Congratulations 
to Bill and also to Steve Welsic, the 
training coordinator for Local No. 1. 


WELDING OF ALUMINUM 


Lockport—The December 3rd 
meeting of the Niagara Frontier 


Section began with an afternoon 
tour of Harrison Radiator Division 
at Lockport. The tour was ar- 
ranged by Sam Corica, Harrison 
production engineer. Forty-five 
members saw the manufacturing and 
assembly lines producing all types of 
automotive radiators and air-con- 
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ACR@©® general purpose spot-projection-butt-seam re- 
sistance welding machines. 


ACRO-ARC © special purpose production welding ma- 
chinery employing automatic arc welding 


processes. 


ACROMATIC © special purpose production we'ding 
machinery employing resistance welding 


processes. 


ACRO-MAGNETIC® magnetic force spot, projec- 


tion, and percussion welding machines. 


For details, circle No. 11 on Reader Information Card 
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EMPLOYMENT 
OPPORTUNITY 
FOR ENGINEER 


AWS is seeking an engi- 
neer to join Headquarters’ 
Technical Staff as Assistant 
to the Technical Secretary. 


Here is an opportunity— 


The man we are seeking has initiative 
and imagination and is interested in 
becoming familiar with welding in all its 
aspects and for every type of application. 
Salary will be commensurate with quali- 
fications and experience. 


If interested in being interviewed for 
this position, send a resume* of your 
education, experience and _ personal 
background to 

Technical Secretary 

American Welding Society 


33 West 39th Street 
New York 18, N. Y. 
* Will be held confidential. 


a 
-ACRO WELDER MFG. C0, 
ENGINEERS, BUM. | 
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easy going. a 
The 64 Ib. Andrex FT 360 160 KV — 
here emits full-circle radiation: it = 
radiograph the entire girth weld a 
vessel in one “shot . Films are helc in 
place by a snap-on canvas band circling 
the neck. 

x-ray is best for some jobs. 

In that case the right machine for you 
probably lies somewhere in the _— 
prehensive range of x-ray units listec 
below. 


gamma ray (from radioisotopes) 

is better for others. . 
With one machine or another in the 
broad Picker line of isotope units you 
can radiograph anything from thin 
aluminum up to 10° thick steel. 


unbiased advice free for the asking. 
With an equipment line like that 
(nothing like it in the field) we have 
no axe to grind for any particular 
kind of machine: we can afford to be 
unbiased. 


PICKER X-RAY CORPORATION 
25 South Broadway, White Plains, N. Y. 


Does radiography pay off? Ask steel tank and pressure 
vessel fabricators—from now on in they couldn't live 
competitively without it. 


Look: the new ASME code, Section VIII, ascribes 100% 

efficiency to a welded joint radiography-proved sound: the 

weld is considered strong as the mother metal even : 
without stress-relieving. Which means that steel thickness 


of a radiographed vessel can be less than the thickness of 
a non-radiographed one. 


Ergo: radiography can save tons of steel. 


Ergo: radiography saves far more than it costs. 


An extreme example? Hardly: hundreds of case records are 
as dramatic. Call in your local Picker man to find out what 
radiography (or fluoroscopy, maybe) can do for you. 
You'll find Picker offices in all principal cities (see local 
phone book) or write or wire us at the address below. 


or everything in industrial radiography 


portable x-ray units—140 KV, 160 KV/360°, 200 KV, 260 KV 


x-ray units—35 KV Beryllium window, 110 KV, 150 KV (stationary and mobile), 
270 KV portable, intensified image fluoroscopes 


units for isotope radiography—sources, equipment, containers for Iridium 192 
Cobalt 69 Thulium 179 and Cesium 137 


films, tanks, darkroom sundries, illuminators, everything 


For details, circle No. 12 on Reader Information Card 
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ANNUAL EXECUTIVES’ NIGHT HELD BY CLEVELAND SECTION 


— 
¥ 


Seated at speakers’ table at the annual Executives’ Night din- 
ner meeting of the Cleveland Section on January 13th are, left to 
right, W. R. Romance, R. J. Conwell, R. Pagenkoph, L. Cawrse, 


J. Dalton, speaker L. S. Hamaker, Chairman T. L. Dempsey, L. 


Aurbach and J. Blanton 


National Secretary Fred L. Plummer, describes future home of 
the American Welding Society at the new Engineering Societies’ 
Building to over 300 Cleveland Section members and guests 


ditioning units. The joints in con- 
ventional brass-and-copper radiators 
are made mainly by soldering with 
gas torches, while those in aluminum 
air-conditioning units are made by 
dip brazing in a molten-salt bath. 

The dinner at the Park Hotel was 
enjoyed by 55 members. After- 
ward, Dana Wilcox of the Reynolds 
Metals Co. spoke on “Aluminum 
Welding and Cutting.” He dis- 
tributed a useful table showing how, 
on a variety of base metals, the joint 
strength was affected by the choice 
of filler metal. Mr. Wilcox em- 
phasized that, to get porosity-free 
welds, both the base metal and the 
filler metal must be free of grease 
and oxide, but he noted that many 
jobs, such as aluminum railroad, 
cars do not need the highest degree 
of cleanliness 


FUTURE OF WELDING 


Cincinnati—The Cincinnati 
Section members met on Jan. 12th, 
1960, at the Kemper Lane Hotel 
and were honored to have as their 
guest speakers, National President 
C. I. MacGuffie and National 
Secretary Fred L. Plummer. There 
were 75 members and guests in 
attendance, to pay tribute to the 
past section chairmen and the three 
sustaining member companies who 
were given recognition at this meet- 
ing. 

After an enjoyable social hour, a 
delightful dinner was served. Pro- 
gram Director Randall Gillis intro- 
duced Larry Goetz, retired National 
League umpire, who served as Coffee 
Speaker, relating some of his amus- 
ing experiences in baseball, which 
were entertaining to all. 

Section Chairman Ronald Mc- 
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Kenney, introduced Mr. Plummer 
who gave an excellent outline of the 
working activities of national head- 
quarters. It was very revealing to 
those present to hear about the work 
that is going on to further the weld- 
ing industry, as well as to strengthen 
the A.W.S. Mr. Plummer also 
gave an interesting history of the 
events leading up to the decision of 
the Society to be a part of the new 
Engineering Center in New York. 

Mr. MacGuffie then addressed the 
meeting on “A Glimpse Into the 
Future of Welding.” His well-pre- 
sented talk was accompanied with 
illustrative slides which showed 
many of the products being auto- 
matically welded in industry. 

His talk stressed that the po- 
tential of welding is being constantly 
increased due to proper welding en- 
gineering, new automatic machines 
and related equipment and proper 
fixturing to maintain the close 
tolerances needed. 


EXECUTIVES’ NIGHT 


Cleveland—Over 300 members, 
“bosses” and guests attended the 
Annual Executives’ Night Dinner 
Meeting of the Cleveland Section 
held on January 13th. The meet- 
ing, chairmanned by Michael Shane, 
was held at the Cleveland Engi- 
neering and Scientific Center. 

L. S. Hamaker, assistant vice- 
president in charge of sales, Republic 
Steel Corp., speaker of the evening, 
discussed ‘‘Marketing in the Steel 
Industry.” While covering the 
steel industries program of market 
analysis and production forecasting, 
Hamaker painted an _ optimistic 
picture for the future development 
of the welding industry. A startling 
point of summation made by the 
speaker was that the present popula- 
tion growth of the United States 
may require the construction of 


another duplicate USA during the 
next 40 years. 

National Secretary Fred Plummer 
also addressed the meeting. He 
outlined the Socrety’s building 
program and the financial obliga- 
tions to be shared by the various 
sections. 


SUBMERGED-ARC WELDING 


Dayton—The January meeting 
of the Dayton Section was held at 
the Engineers Club Tuesday evening 
the 12th. Fifty-five members and 
guests enjoyed a color film on labor- 
management relations, prior to the 
discussion. 

W. B. Sharav, Laboratory Divi- 
sion Head, Unionmelt Welding, 
Linde Co., was the speaker for the 
evening. He discussed recent de- 
velopments in the welding field. 

One of the newer applications, 


TOLEDO SPEAKER 


The December 15th meeting of the Toledo 
Section was featured by a talk presented 
by W. R. Apblett on pressure-vessel 
fabrication for nuclear service 
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makes pipe dreams come true 


Whether you’re welding a transcontinental pipeline, nuclear steam-supply valves, or the 
hardware for outer space, you'll find Tungsten Inert Gas Welding offers many important 
advantages. And for the finest there is in Tungsten Electrodes, you want Sylvania. 


Sylvania offers the most complete line of top-quality Tungsten Electrodes: Puretung®, 
Zirtung®, 1% Thoriated, 2% Thoriated. Each comes in the preferred finish—cleaned or 
ground, and color-coded to save time, and prevent costly errors. Chemical & Metallurgical 
Division, Sylvania Electric Products Inc., Towanda, Pennsylvania. 


There's a 


Sylvania Tungsten 


Electrode for every 
welding need. 


subsidiary of GENERAL TELEPHONE & ELECTRONICS Ge) 


For details, circle No. 13 on Reader Information Card 


WELDING JOURNAL | 253 


| 
| 
} : 4 Y & > 
N 

| 


Which cast iron 
groove was made in 
just 42 seconds? 


The metal is cast iron. Grinding out 
the six-inch groove on the right took 5 
minutes, 36 seconds. Using the Arcair 
process, the groove on the left was 
made in 42 seconds—eight times 
taster! 


You can cut, gouge, bevel or groove 
any metal using the Arcair method — 
and get dramatic cost savings with an 
investment of much less than $100. 


HOW DOES ARCAIR WORK? The torch 
utilizes air from an 80 p.s.i. air line, 
current from a welding machine and 
special electrodes to melt and remove 
metal. Fifteen minutes instruction is 
all an operator needs. 


WHAT'S YOUR PROBLEM? Write us your 
specific problem. We'll give you a 
speedy and sincere answer. 


THE ARCAIR CO., 431 S. Mt. Pleasant St. 
Lancaster, Ohio 


Send me more information on Arcair Torches and 
| special electrodes. 


2 
> 


my | 
PROBLEM ( 


For details, circle No. 14 on Reader Information Card 
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HARD SURFACING DISCUSSED BY PANEL 


= 


A panel discussion on the subject of hard surfacing was held by the 
Lehigh Valley Section on January 4th. Left to right are C. L. Dorrer, 
Moderator R. Foster, J. W. Spangler and E. Kelly 


illustrated by colored slides, was 
“stitch welding” of plates. This 
was accomplished by use of a con- 
stant potential power source and a 
slow wire feed causing the arc to 
break and start again as the torch 
moved along the seam. 

Mr. Sharav also showed the pos- 
sibilities of dual-wire feeds and uses 
of the trailing cold wire for addi- 
tional filler metal. 


AIR CARBON-ARC CUTTING 


Bucyrus—-The January meeting 
of the North Central Ohio Section 
was held on January 7th at the 
American Legion Home in Bucyrus, 
with 45 members present. A 
baked-ham dinner prepared by the 
Women’s Auxiliary was enjoyed by 
the members, and, as usual, the 
preparation and service were won- 
derful. 

The featured speaker of the even- 
ing was Myron Stepath, president of 
Arcair Co., Lancaster, Ohio, who 
presented an educational and in- 
formative talk on the economic ad- 


vantages of metal removal and 
plate preparation by use of the com- 
pressed-air carbon-arc method. 
The presentation was very well re- 
ceived. 

Prior to the technical speaker, 
Program Chairman Walter Edwards 
presented a movie produced by the 
Cummins Diesel Engine Co. show- 
ing the development and testing of a 
horizontally mounted engine used in 
the race car sponsored by them in 
the Indianapolis 500 in 1954. 


WELDING CODES 


Canton—The December meeting 
of the Stark Central Section held on 
December 9th was preceded by a 
social hour and dinner at the Ameri- 
can Legion Post 44 in Canton. 
Howard B. Cary of the Hobart 
Brothers Technical School of Troy, 
Ohio, was the speaker and his sub- 
ject was “Welding Codes.” 

Mr. Howard handled a contro- 
versial subject with forthrightness 
and clarity. He went back in his- 


JOINT MEETING HELD IN PHILADELPHIA 


The Philadelphia Section and the local chapter of the Society of Naval Architects and 
Marine Engineers held a joint meeting on December llth. Left to right are D. A. Wor- 
rell, chairman of SNAME; Speaker H. |. Kraig who presented a paper on design and 
fabrication of heavy pressure vessels for nuclear applications; Coordinator R. J. Zanzot; 
co-authors R. D. Bradway and M. Willis; M. J. Letich and Section Chairman F. lapalucci 
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DISCUSS METALLURGY OF 
FERROUS WELDING 


ARE YOU 
GETTING THE 
MOST WELDING 

POWER... 
and saving 
current ? 


you doees 
with these NEW 


The metallurgy of ferrous welding was 
covered in detail by R. H. Aborn at 


December 15th meeting of Holston Valley = 
Section. Dr. Aborn is shown, above, / 

. flanked by Vice-Chairman, C. Scott, left, / 
and Chairman J. Myers Model L—500 Amps. ) 


Quick and “handy” grounding speeds up the 
welding job and a positive connection saves 
welding power to produce more welding work 
per day. These new SuperGrip GROUND 
CLAMPS were designed by the industry’s 
most experienced manufacturer of welding 


All five past-chairmen of the Section were 
present. Seated, left to right, are Q. E. 
Charlesworth and Bob Lahr. Standing, . 
in same order, are B. Rogers, J. Dean Model S—200 Amps. and safety equipment. 


and Hugh Harr 


check these outstanding features: 


* 
) EXTENDED BALL POINT CABLE 
A \ LOWERLIP SET SCREW SUPPORT LIP 
for easy of size"’ offers added 
. / fj clamping with diameter wrap area to 
tory to the early days of boiler Y < quick “‘under  § grips cable minimize 
manufacture, and pointed out that | ond on Sav 
motion. e cross-section breakage. 
because of the failure of early boilers, >. connection. 


it was necessary to set standards 


that would assure the public of com- ° 

vetent and trustworthy work. POWERFUL 4 BROAD, FLAT 

Pointing out that ‘‘codes are a set Wz : ASK YOUR | 

of rules for the quality control of maximum ° teeth offer WELDING . i‘ 
welding standards to instill confi- @ DISTRIBUTOR 

dence in the buying public,” he was oe > ame. or write for 

quite emphatic in stating the need ° Bulletin No. T2-R 


for one code. This code to consist 
of all needed tests and specifications, 
definitions and specimens to cover a 
wide variety of welding in all types 
of industry. 

Mr. Cary’s talk was interesting, 
informative, well presented and well 
received by all, as indicated by the 
numerous questions that were asked 
at the conclusion of the presenta- See us at The WELDING Show... Booth 702... LOS ANGELES 
tion. For details, circle No. 15 on Reader Information Card 
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Gear pump components just before 
assembly. All parts received Colmonoy 
hard surfacing in areas subject to wear. 


Customers demand... 
Colmonoy Hard-Surfaced, 
Long-Lasting Gear Pumps 


Pump users know Colmonoy lengthens pump life 
. some manufacturers who know they know it now 

provide Colmonoy protected parts in new pumps. 

Pump components that can be lathe-mounted are 

easily hard-surfaced with the Colmonoy Spray- 

welder. A Colmonoy nickel-base alloy Sprayweld* 

Powder (there are 5 grades) 

is applied to the wear-areas. 

The sprayed overlay is fused 

to the base metal, creating 

a non-porous, wear resistant 

surface. Irregularly shaped 

parts are overlaid with easy- 

to-apply Colmonoy oxy- 

acetylene rods of the same 

alloy grade. 


AWS 
Toledo Section Lecture Series 


Room No. 1, Toledo University 
March 1,8,15,22, 1960 7:30 to 9:30 P.M. 


Outline of 1960 Lecture Series 


Lecture No. 1—March 1 

Fundamentals of Arc Welding 

Clarence E. Jackson 

Staff Engineer 

Linde Co. 
(a) Principles of Operation 
(6) Mechanism of Weld-metal Deposition 
(c) Arc Plasma and Crater 
(d) Metallurgical Zones 


Lecture No. 2—-March 8 
Electrodes—Their Metallurgy and Classifi- 
cation 
R. C. Steveling 
Supervisor of Electrode Development 
A. O. Smith Corp. 

(a) Short History of Electrode Development 

(6) AWS Marking System 

(c) Coatings and Their Effect on Welding Arcs 

(d) Coatings and Their Effect on Chemistry 
of Deposit 

(e) Low-hydrogen Electrodes 

(f) lron-powder Electrodes 


Lecture No. 3— March 15 
Power Sources for Welding 
John Rudy 
Metallurgist 


Armour Research Foundation 
(a) Motor-generator Types, AC and DC 
(6) Transformer Types, AC and DC 
(c) Constant Potential and Constant Voltage 
(d) Induced High Frequency 
(e) New Developments to Assist Arc Stability 
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Lecture No. 4— March 22 
Welding and Weldability 
R. C. Griffin 
Quality Control Dept. 
Babcock and Wilcox Co. 
(a) Characteristics Affecting Weldability 
(6) Tests for Checking Weldability 
(c) Effect of Common Elements on Weld- 
ability 


Fee—$5.00 for the Series, including a Lincoln 
Procedure Handbook. Mail reservation and check 
to: Ray Hoefler, Box 952, Toledo 1, Ohio. 


*Registered trade-mark 
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PRESSURE VESSELS 


Toledo—William R. Apblett, 
chief metallurgist, Foster Wheeler 
Corp., gave an outstanding talk on 
“‘Pressure-vessel Fabrication for Nu- 
clear Service” at the Dec. 15, 1959, 
meeting of the Toledo Section held at 
the Toledo Yacht Club. 

The main points of his discussion 
were notch-ductility properties of 
the base material and weld metal, 
austenitic-weld cladding of carbon 
and alloy steel, and tube welding as 
related to steam-generator fabrica- 
tion. 

Sixty persons were present. Due 
to the many questions asked of the 
speaker, the meeting ran about an 
hour and a half past the usual time. 


Pennsylvania 


SURFACING 


Allentown—The January 4th 
meeting of the Lehigh Valley Sec- 
tion held at Walp’s Restaurant was 
devoted to a panel discussion on 
“‘Hard surfacing.”” The Moderator 
was Richard Foster of Whitehall 
Cement Co. and the participants 
were: C. L. Doerrer of Stulz-Sickles 
Co., Joseph W. Spangler of Metal- 
lizing Engineering Co., Inc., and E. 
Kelly of Haynes Stellite Co. 

The coffee speaker was Clifford T. 
Lynn of the Bethlehem Pattern and 
Model Shop. The subject of his 
talk was “Would You Like to Own a 
Railroad?” 


PRESSURE VESSELS 


Philadelphia—The Dec. 11, 
1959, technical meeting of the Phila- 
delphia Section was a joint meeting 
with the Society of Naval Architects 
and Marine Engineers. 

It has been the custom each year 
for this Section and the Naval 
Architects Society to meet jointly, 
alternating as host. This year the 
Naval Architects were host and had 
a very well-planned and executed 
meeting. 

Captain R. J. Zanzot, U.S.N., 
acted as coordinator on the subject 
“Design and Fabrication of Heavy 
Pressure Vessels for Nuclear Applica- 
tions.”” H. I. Kraig and M. Willis 
of the New York Shipbuilding Corp., 
delivered the paper, while M. J. 
Letich of the American Bureau of 
Shipping was the discusser. 

Of particular interest to the weld- 
ing people in the group, was the 
general sequence of fabrication and 
welding used on the Dresden vessel, 
N.S. Savannah containment vessel. 
Four welding processes were used: 
(1) Automatic submerged-arc weld- 
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ing on butt welds of manganese- 
moly; on cladding with type 312 
stainless steel and E308; (2) manual 
welding on manganese-moly, 304, 
405 stainless steel, and cladding with 
type E312 and E308; (3) manual 
inert - gas - shielded tungcten - arc 
welding on stainless-steel pipe welds; 
and (4) semiautomatic inert-gas arc 
welding on special hard-surfacing 
applications. 

Excellent slides were shown dur- 
ing discussion. The Philadelphia 
Section looks forward to next year 
when they can again meet with the 
Naval Architects for another mu- 
tually enjoyable and fruitful meet- 
ing. 


Tennessee 


WELDING METALLURGY 


Johnson City—The Holston Val- 
ley Section met on December 15th. 
The meeting was called to order at 
8: 15 P.M. after a good dinner at the 
Peerless Steak House. The Section 
was fortunate in having all of its 
past-chairmen present: G. E. 
Charlesworth, 1954-55; R. W. Lahr, 
1955-56; Bob Rodgers, 1956-57; 
Jerry Dean, 1957-58; and Hugh 
Harr, 1958-59. Each one was pre- 
sented with an engraved past- 
chairman’s pin. 

Robert H. Aborn of the United 
States Steel Corp. gave a very edu- 
cational talk on “Metallurgy of 
Ferrous Welding.”” Dr. Aborn illus- 
trated his presentation with slides 
followed by a ten-minute high-speed 
color movie showing an initia] study 
of welding arc behavior with four 
classes of electrodes. 


PLANT TOUR 


Kingston Thirty-one members 
and guests of the Northeast Tennes- 


see Section enjoyed a very compre- 
hensive and enlightening tour of the 
Tennessee Valley Authority, King- 
ston Steam Plant on Dec. 4, 1959. 

To give an idea of the immensity 
of this plant, the generator hall is 
895 ft long, almost as long as three 
football fields put end to end. 
When operating at full load, the 
nine steam generators consume 300 
fifty-ton carloads of coaladay. Its 
18 circulating water pumps are 
capable of supplying over a million 
gallons a minute, more than enough 
to fill the water consumption needs 
of the city of New York. 

Four T.V.A. employees, Messrs. 
Hammond, Hale, Myers and Tate 
were on hand to conduct the tour, 
explain operations and answer ques- 
tions. 

Prior to the tour, a movie depict- 
ing life and growth in the Valley 
from the 1930’s through today was 
shown. Slides showing disassembly 
of turbogenerators and various weld- 
ing problems were also shown and 
discussed. 


Texas 


CO, WELDING 


Dallas—On Tuesday, January 
12th, the North Texas Section met 
at Western Hills Inn. Guest 
speaker for the evening was I. D. 
Holster, application engineer for 
Air Reduction Sales Co., New York. 

Mr. Holster presented a program 
on “CO, Welding of Mild Steel’’ as 
applied in the industry in general. 
Illustrating his talk with high-speed 
motion pictures and slides, Mr. 
Holster discussed both conventional 
CO, welding and the recently de- 
veloped dip-transfer CO, process. 

Seventy-two members and guests, 
some from more than 100 miles 


SPEAKS ON DISTORTION 


The control and correction of distortion 
in steel weldments was covered by 
LaMotte Grover at the December 17tn 
meeting of the Madison Section 


away, enjoyed a pleasant and re- 
warding evening. 


GROUP INSURANCE 


San Antonio—The San Antonio 
Section held its first meeting of 1960 
at Cap’t. Jim’s with thirty-seven 
members attending the social hour 
and dinner. 

The speaker for the evening was 
Julius A. Stein, C.L.U., who is a 
member of the Chartered Life 
Underwriters and an Employee 
Benefit Plan Consultant. Mr. Stein 
gave a very informative talk on the 
AWS Group Insurance Program, 
highlighting each of the plans offered 
to the members. 


Wisconsin 


DINNER DANCE 


Hollandtown—The annual 
Christmas party of the Fox Valley 
Section for members, their wives and 


|. D. Holster, extreme right, spoke before the 
North Texas Section on January 12th. His topic 


was “CO, Welding of Mild Steel’’ 
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E. H. Franks spoke on the welding of 
high-strength 
December 11th meeting of the Milwaukee 
Section 


guests was held on December 2nd 
Van Abel’s in Hollandtown. 
Dinner was served to 180 people 
followed by dancing until 1:00 A.M. 
A very enjoyable evening was had 
by all. This was purely a social 
event and by far the largest turnout 
of the Section. 


DISTORTION CONTROL 


Beloit—The monthly meeting of 
the Madison Section was held on 


low-alloy steels at the 


December 17th at the Steak House 
in Beloit. LaMotte Grover, weld- 
ing engineer in the New York office 
of Air Reduction Sales Co., spoke on 
“Control and Correction of Distor- 
tion in Steel Weldments,”’ a subject 
which includes the fundamental 
principles of control and correction 
of distortion which are applicable in 
any kind of steel construction, and 
the interrelationship between dis- 
tortion control and prevention of 
cracking in weldments. 


LOW-ALLOY STEELS 


Milwaukee—The Milwaukee 
Section held its regular monthly 
technical meeting on Friday 
evening, December 11th, at the 
Ambassador Hotel. Approximately 
90 members and guests were present 
for the dinner, but at the time Chair- 
man William J. Dyble called the 
meeting to order the attendance had 
grown to 120. 

E. H. Franks, chief welding engi- 
neer of Electric Boat Division, 
General Dynamics Corp. of Groton, 
Conn., was the technical speaker. 
The subject of his talk was ““Weld- 
ing High-strength Low-alloy 
Steels.” Mr. Franks highlighted 
his presentation with slides of some 
of the welding problems encountered 
when the hull of the atomic sub- 
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manufacturing spooled, cut and coiled alloy wire for immediate delivery 
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marine Nautilus was fabricated. 
He also showed a movie of the Nau- 
tilus’ famous trip under the North 
Pole. 

The after dinner speaker was A. 
W. Goodman of Gran-Aire, Inc., 
and his topic was ““Convenience and 
Profit with Air Taxi, U.S.A.” In 
addition to a very interesting talk, 
Mr. Goodman presented, as a 
Christmas present, a certificate for 
a free flying lesson to ten members of 
the audience. 


WELDING ENGINEERING 


Milwaukee—The Milwaukee 
Section met on Jan. 15, 1960, at the 
Ambassador Hotel for its monthly 
meeting. There were approxi- 
mately 75 people in attendance. 
Guest speakers were Walter Cruice, 
football scout for the Green Bay 
Packers, and Roy B. McCauley 
from Ohio State University. The 
coffee talk on major football opera- 
tions and what is necessary to build 
winning teams was given by Mr. 
Cruice. 

At 8:00 P.M., the technical ses- 
sion got under way. Professor Mc- 
Cauley held the interest of the mem- 
bers from the very beginning to the 
end. He outlined the well-coor- 
dinated and complete welding-engi- 
neering courses at Ohio State Uni- 
versity. The subject requirements 
of the two-year pre-engineering 
course together with that of a 3-yr 
welding engineering course, were 
described and illustrated by slides. 
The great need for welding engineers 
and a summary of the achievements 
of all O. S. U. graduates was 
pointed out by Prof. McCauley with 
pride, as evidence of a prosperous 
future for graduate engineers. 


WELDING ENGINEERING 


Roy B. McCauley, shown above with 
Chairman Wm. J. Dyble, was the princi- 
pal speaker at the January 15th meeting 
of Milwaukee Section. Prof. McCauley 
spoke on welding as an engineering 
profession 


ake ON LOW-ALLOY STEELS | 
| 
$ f*, N 4 
Announcing 
L | | 
if /o /| | — 
| 
| 
| 
25. 
: 


Photo courtesy Caterpillar Tractor Co. 
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: CATERPILLAR PICKS HARRIS !!! 43 


EFFECTIVE JANUARY 1, 1960 


D—Student Member 
E—Honorary Member 


A—Sustaining Member 
B—Member 


C—Associate Member F—Life Members 
TOTAL NATIONAL MEMBERSHIP 
200 
Leach, James A. (C) Hoskins, Robert E. (B) ae as 298 
BATON ROUGE Richter, Philip (B) 
(B) Hylton, W. M. (C) Total 12, 540 


Hamilton, James A. (B) 
Lee, Leopold D. (B) 
Smith, William A. (B) 
BOSTON 

Strenz, Frederick (C) 


CAROLINA 

Hailey, Harold J. (B) 
Proos, Peter M. (C) 
Walker, John W. (B) 
CHICAGO 


Alexander, Robert M. (C) 
Ford, Joseph Richard (B) 
Gumm, W. G. (B) 
Kovalcik, Joseph B. (B) 
Smith, Chas. W. (C) 
CLEVELAND 

Des Brasunas, Anton (B) 
Heavey, John M. (C) 
COLUMBUS 


Henderson, Harold R. (C) 


DETROIT 


Heslop, Arthur M. (B) 
MacKenzie, R. (C) 
McIntosh, Robert J. (C) 
Murawka, Harry (C) 
Noble, Gardiner (C) 
Oberman, Roswell E. (B) 
Stein, William F. (B) 


FOX VALLEY 


Amundson, R. L. (B) 
Mitchell, H. V. (B) 
Ruday, E. H. (B) 
Spaubauer, Joseph (B) 
HARTFORD 


Hardin, T. R. (A) 
Jenkins, Roy Howard (B) 
Kaminski, Frank W. (C) 
Rossi, Abel L. (C) 
HOUSTON 


Bullard, Robert Lee (C) 
Dalberg, J. P. (B) 
McDaniel, T. Z. (B) 


INDIANA 


Armstrong, Ralph G. (B) 
Lyle, James W. (C) 


A. 
Hummel, Francis (C) 


KANSAS CITY 
Stratton, Charles A., Jr. (C) 
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LOS ANGELES 


Collo, Founcy J. (B) 
Daniels, L. H. (B) 
Davis, Ronald M. (C) 
Jeffries, John W. (C) 
Logan, William A. (B) 
Padian, William Dennis (C) 
Sherry, Stephen (D) 
Trabue, George W. (B) 
Ward, Sidney W. (C) 
Warwick, D. L. (D) 
Wilcox, James R. (B) 


MAHONING VALLEY 
Powell, Wm. R. (B) 
MARYLAND 


De Lucia, Mario L. (C) 
Rogge, Bernhard (B) 


Villasor, Dr. Angel Piccio, Jr. 


(B) 


MICHIANA 
Soboleski, Henry J. (B) 


MILWAUKEE 


Kuhr, John N., Jr. (C) 
Walls, Raymond E. (B) 


NEW JERSEY 


Behrens, Warren H. (C) 
Choate, James A. (D) 
Hartman, Barney J. (B) 
Jensen, Walter L. (B) 
Shapley, Edward H. (C) 
Tober, Joseph (C) 


NEW ORLEANS 

Conway, Arthur J. (B) 
DeAngelis, Francis A. (B) 
NEW YORK 


Coscia, Charles C. (C) 
Craig, James R. (B) 
Dalal, Ranes Prasad (D) 
Gladstone, William J. (B) 
McCardle, Thomas P. (B) 
Soffer, Irving L. (C) 
Willer, Carl H. (B) 


NIAGARA FRONTIER 


O’Hern, Joseph (B) 
Simmance, Norman G. (B) 


NORTH TEXAS 


McGrath, Howard A. (B) 
Noah, Cecil E. (B) 


NORTHWEST 
Crowley, M. B. (A) 


AWS Builds Men of Welding 


Erickson, Wilfred M. (B) 
NORTHWESTERN PA. 


Bartlett, Kenneth (B) 
Mangini, Robert F. (B) 
Serio, John Vincent (B) 


PHILADELPHIA 


Barnes, A. Wayne (D) 
Chamberlain, Austin J. (C) 
Clanan, Joseph R. (B) 
Markocki, Walter J. (D) 
Mount, Claude L. (D) 
Schaller, Philip H. (D) 
Vollrath, Robert R. (D) 


PITTSBURGH 


Bower, John E. (C) 
Christopher, Arthur A. (C) 
Gallagher, Earl (B) 
Hunter, John J. (C) 
Simmers, James (B) 


RICHMOND 


Chauvin, John A. (C) 
Ruedy, Arnold, M. (C 
Tepper, John (C) 
Welsh, Robert L. (C) 


ROCHESTER 
D’Angelo, Sam A. (B) 


SAGINAW VALLEY 


Moss, Kenneth A. (D) 
Rundell, Robert E. (D) 
Sikaitis, Peter Edward (C) 


ST. LOUIS 
Binder, Carl R. (C) 


SALT LAKE CITY 


Burton, John T. (B) 
Rosenblatt, Norman L. (B 
Weaver, George C., III (C 


SAN ANTONIO 
Harris, Hollis A. (B) 


SAN FRANCISCO 


Allen, George (C) 

Corns, William M. (B) 
Crosby, Maynard C. (B) 
Hendrick, James A. (C) 
Huddleston, Jack K. (C) 
Jensen, Wayne R. (D) 
Jones, Emmett Ferrell (D) 
MacKerrow, Horace G. (B) 
Stein, Frank J. (B) 


SANGAMON VALLEY 
Bodi, George (C) 
Geiman, Wilmer E. (C) 
Grundler, Joe (B) 
SANTA CLARA VALLEY 


Balaam, Christopher R. (D) 
Hackney, Billy Dale (D) 
Hannah, Kenneth J. (D) 
Klein, Richard F. (D) 
Maloney, Donald R. (D) 
Melsheimer, Richard (D) 
Sakata, William S. (D) 
Whitehurst, T. S. (D) 
Wilkinson, Richard, Jr. (D) 


SOUTH FLORIDA 

Piescik, John Bernard (B) 
STARK CENTRAL 
Creager, Paul V. (B) 
SYRACUSE 


Hutton, Carl (B) 
Reuter, Eric Frederick (C) 
Timm, Carl C. (B) 


TOLEDO 


Green, George L. (C) 
Miller, Harold C. (C) 
Sapiro, Marvin S. (B) 


WESTERN MASSACHUSETTS 
Collins, James B. (C) 
WESTERN MICHIGAN 
Survilla, Jim (D) 

MEMBERS NOT IN SECTIONS 


Gegenbach, Otto (A) 
Jonsson, Bernt L. (B) 


Members Reclassified 
During January, 1960 
CINCINNATI 

Hanna, Wm. K. (C to B) 
NORTHERN NEW YORK 
Johnson, Ivar W. (C to B) 
ST. LOUIS 

Dell, Lloyd C. (C to B) 
SANGAMON VALLEY 

C. W. Dawson (C to B) 
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Copper Association Formed 


Six major copper producers have 
joined to form the Copper Products 
Development Association Inc., a 
nonprofit organization for the pur- 
pose of conducting research and 
development for the increased use of 
copper and copper products. Clyde 
Williams, formerly president of Bat- 
telle Memorial Institute, has been 
named technical director. 

The association will not provide 
its own facilities for research work 
but will allocate assignments to 
individuals, universities and estab- 
lished research organizations. The 
founding companies are: American 
Metal Climax, Inc.; American 
Smelting & Refining Co.; The 
Anaconda Co.; The International 
Nickel Co. of Canada, Ltd.; Kenne- 
cott Copper Corp.; Phelps Dodge 
Corp. Any copper producer is eli- 
gible for membership. 


Research Unit Created 


A $1'/. million research center 
will be started this summer at 
Waterbury, Conn., according to an 
announcement recently made by 
Richard M. Stewart, president of 
the American Brass Co., a sub- 
sidiary of the Anaconda Co. De- 
cision to proceed with the new unit 
was prompted by early successes 
obtained by a newly-organized re- 
search and product development 
program and by recognition of the 
importance of a constant quest for 
basic knowledge. 


Supplier Revises Name 


To more closely identify itself 
with the growth of the welding 
industry, the former supply house, 
Earlbeck and Landrum, Inc., of 
Baltimore, Md., has revised its 
name to Earlbeck Welding Sup- 
plies, Inc. Management, personnel 
and ownership will remain the same. 
This company, one of the oldest and 
largest on the East Coast, in addi- 


tion to distributing a complete line 
of welding equipment, maintains 
repair, overhaul and consulting 
services as well as a rental fleet of 
over 125 mobile welding machines. 


Nuclear Congress Program 


The 1960 Nuclear Congress to be 
held this year in the New York 
Coliseum, April 4—-7, will represent 
the joint effort of the Sixth Nuclear 
Engineering and Science Confer- 
ence and the Eighth NICB Atomic 
Energy in Industry Conference 
backed by 28 leading scientific and 
technical sponsor groups. In addi- 
tion the Sixth International Atomic 
Exposition will feature more than 
130 exhibits of the various products 
and services available for civil 
applications of atomic energy. 

Clarke Williams, Brookhaven Na- 
tional Laboratory, is chairman of the 
Congress and E. B. Gunyou is 
program committee chairman. 
Technical sessions are in the tenta- 
tive stage and cover a broad range of 
subjects including design, construc- 
tion, operation and public health. 


Tube Turns Names Distributors 


A number of distributors have 
been named to handle the line of 
welding fittings, flanges and other 
piping components made by Tube 
Turns Division of Chemetron Corp 
Louisville, Ky. These are as fol- 
lows: 

Crane & Ordway Co., with eleven 
branches in Minnesota, Wiscon- 
sin, North Dakota, South Dakota 
and Montana. Headquarters are 
at Broadway and Fifth, St. Paul, 
Minn. 

Columbus Iron Works, 901 Front 
Ave., Columbus, Ga. 

Master Supply Co., 603 East 
Washington St., Joliet, Ill., with a 
branch in Aurora, Ill. 

Moore Dry Kiln Co., 1220 W. 
State St., Jacksonville, Fla. 


of the industry 


Session on Composite Structure 


A day-long conference on the use 
of steel in composite construction 
will be held at the Case Institute of 
Technology, Cleveland, Ohio, on 
April 20, 1960. Co-sponsor with 
Case Institute is Nelson Stud Weld- 
ing, division of Gregory Industries, 
Inc. The featured speaker is I. 
Viest who will discuss composite 
construction for both bridges and 
buildings. Further details may be 
obtained from Frank Spiro at the 
Griswold Eshleman Co., Cleveland, 
Ohio or from Prof. J. Scalzi, Struc- 
tural Engineering Dept., Case In- 
stitute of Technology, Cleveland, 
Ohio. 


COMING 
EVENTS 


A Calendar of Welding Activity 


AWS National Meetings 
4ist Annual Meeting: 
April 25-29, 1960. Biltmore 
Hotel, Los Angeles, Calif. 
Exposition: April 26-28 
Great Western Exhibit Center 
1960 National Fall Meeting. Sep- 


tember 26-29. Penn Sheraton 
Hotel, Pittsburgh, Pa. 

NWSA 
May 5-7, 1960. 16th Annual 
National Convention, Palmer 
House, Chicago, II. 

IAA 


May 9-10, 1960. Annual Con- 


vention. San Francisco, Calif. 
ASM 
May 9-13, 1960. 2nd South- 


western Metal Congress and Ex- 
position. State Fair Park and 
Sheraton, Dallas, Tex. 
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In celebrating its 20th Anniversary of Service to In- 
dustry, EUTECTIC TAKES THE LEAD AGAIN 
with the establishment of complete weld training 
facilities in each of its 16 Service and Training 
Centers from coast-to-coast in the U.S.A. and 
Canada. 


EUTECTIC has always been a leader in offering 
the finest training to weldors through the Eutectic 
Welding Institute. Under this ambitious new pro- 
gram, additional thousands of men in industry will 
have the opportunity to learn the latest metal join- 
ing techniques with the Low Heat Input process. 


For details, circle No. 21 on Reader information Card 


The courses will show how industry after industry 
is saving money with more efficient maintenance and 
repair programs using famous EUTECTIC “Low 
Temperature Welding Alloys”®. They will show how 
leakproof, strong joints can be obtained at tempera- 
tures hundreds of degrees below the melting point 
of the parent metal... how difficult metal joining 
problems such as joining extra thin or dissimilar 
metals can be solved ... how metals from Aluminum 
to Zinc can be welded and repaired with greater ease 
and speed than ever before. 


Courses will consist of intensive one day sessions and 
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week long Conference Courses. Each group will be 
limited to fifteen people to assure that everyone gets 
the fullest opportunity to profit from the latest ad- 
vances in welding of heavy castings, tool and die 
repair, joining different metals and materials, gen- 
eral maintenance and repair problems and their job- 
proven solutions. 


In preparing this, America’s largest Weldor Training 
Program, Eutectic demonstration specialists have 
drawn upon the experiences acquired in the com- 
pany’s fifty years of research and development... 
upon its twenty-year background as a world-wide 


REGISTERED TRADE MARK OF : 


COURSES WILL BE HELD IN THE 
FOLLOWING LOCATIONS: 


ATLANTA; BOSTON; CHICAGO; 
COLUMBUS, OHIO; DALLAS; 
DETROIT; LOS ANGELES; ST. LOUIS; 
SEATTLE; BERKELEY, CALIF.; 
HURON, SO. DAKOTA; PHOENIX, ARIZONA. 


IN CANADA: 
EUTECTIC WELDING ALLOYS CO. 
OF CANADA, LTD., 
5051 COTE DE LIESSE ROAD 
ST. LAURENT, MONTREAL 9, 


VISIT OUR BOOTH 118 
APRIL 26-27-28 '60 


Los Angeles, Calif. 


GREAT WESTERN EXHIBIT CENTER 


QUEBEC 
DARTMOUTH, N. S., TORONTO 
AND VANCOUVER 
AND MORE TO FOLLOW 


WELDING Siow 
Sponsor: 

AMERICAN WELDING SOCIETY, INC 
APRIL-NATIONAL 
WELDED PRODUCTS MONTH 


CITIES 


organization...upon the job knowledge acquired 
by its more than 350 specially trained technical rep- 
resentatives in the field. The well known Eutectic 
Welding Institute in Flushing, will provide guidance 
and organize these thorough courses. 


EUTECTIC WELDING ALLOYS CORPORA- 
TION is the originator, patent holder and sole 
world-wide manufacturer of EUTECTIC “Low 
Temperature Welding Alloys”. These unique prod- 
ucts minimize warping, distortion, weld embrittle- 
ment, and other damaging effects to metal encoun- 
tered with common, high heat materials. 


EUTECTIC WELDING ALLOYS CORPORATION 


40-40 172nd St., FLUSHING 58, NEW YORK 


Service and Training Centers in ATLANTA; BOSTON; CHICAGO; COLUMBUS, OHIO; DALLAS; DETROIT; 


LOS ANGELES; ST, LOUIS; SEATTLE; BERKELEY, CALIF.; HURON, SO. 
DAKOTA; PHOENIX, ARIZONA. 


CANADIAN PLANT AND HEADQUARTERS: MONTREAL 
DARTMOUTH, N. S., TORONTO AND VANCOUVER 


National Manager ; 
Eutectic Welding Institute 
EUTECTIC WELDING ALLOYS CORPORATION | 
40-40 172nd Street, Flushing, New York 
Dear Sir: 
| I am interested in: | 
| One-day program | 
| | One week conference course | 
| | Evening classes | 
Free booklet on EUTECTIC ‘“‘Low Tempera- 
| ture Welding Alloys” and Fluxes 
| 
| 
| 
| 
| 
| 
a 


Name 
Company 
Address 


City State 


For details, circle No. 21 on Reader information Card 


WELDING JOURNAL | 265 


7 

EUTECTIC 


The $15,000 prize-winning entry, a graceful arch of welded 
steel girders combining a composite-action roadway, high- 
strength steel flange plates and novel end restraints. 


Bridge Designs Favor Welding 


The results of the Steel Highway 
Bridge Design competition, con- 
cluded last Fall under the sponsor- 
ship of the U. S. Steel’s American 
Bridge Division, have revealed sev- 
eral facts of importance to welding. 
Of the 15 winners who shared the 
$44,000 in prizes, 12 of them—6 pro- 
fessionals and 6 students—chose 
welding as one of the desirable 
features of design. The choice was 
typical of the 300 entries from all 
over the world. This is significant 
in view of the fact that over 41,000 
highway bridges are estimated to 
be required by road-building pro- 
grams in the U. S. in the next 15 
years. 

The contest, which was admin- 
istered by the American Institute 
of Steel Construction, required en- 
trants to design a steel bridge to 
carry a two-lane road over a 4-lane 
modern highway. The distin- 
guished jury panel was headed by 
L. Abbett Post, executive vice 


president, AISC. 

Among the more notable trends 
cited by the jury, was the single- 
span design which, by omitting 
the center pier, not only achieved a 
more pleasing effect but eliminated 
a safety hazard and provided motor- 
ists with an unobstructed view. 
The somewhat higher cost of this 
construction is offset by economies 
in erection realized through the 
use of prefabricated welded sections. 
Welded plate girders showed a 
selective use of high-strength steels 
resulting in narrower sections. Con- 
testants also pointed out that pre- 
fabrication affords the possibility 
of mass production—a further econ- 
omy. Other ideas affecting design 
calculations were the frequent use of 
composite action in decks and con- 
tinuous-beam design. Additional 
advantages of welding were de- 
scribed as a neater appearance and a 
lower maintenance cost through the 
elimination of gussets and rivets. 


The $10,000 second prize went to this attractive 
single-span strut-frame welded structure which uses 


high-strength steel in the center portion. 


United Specialties Appoints 

New Agents 

United Specialties, Inc., El 
Dorado, Ark., manufacturers of 


hose and cable reels, have appointed 
new manufacturers agents as fol- 
lows: Riley Enterprises, Mobile, 
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Ala.—Northwest Florida, South 
Alabama and Southwest Missis- 
sippi; James Engineering & Machin- 
ery Co., Dearborn, Mich—South- 
east Michigan; A. G. Craske, 
Chicago, Ill.—Greater Chicago area 
and Lake County, Indiana. 


Rexarc New Name for 
Sight Feed Generator 


The stockholders of the Sight 
Feed Generator Co., West Alex- 
andria, Ohio, voted to change the 
name of the firm to Rexarc, In- 
corporated, effective immediately. 

Carl F. Smith, president, stated, 
“The change is in the name only. 
All personnel, policies and products 
manufactured remain the same. 


Carl F. Smith 


The ‘Sight Feed Generator’ 
name was tied closely to the first 
product manufactured by the firm 
35 years ago—the small portable 
acetylene generator. The carbide 
hopper on this acetylene generator 
consisted of a pyrex glass cylinder 
to enable the operator to see the 
calcium carbide feed into the 
generator, hence, ‘Sight Feed.’ 

Mr. Smith further advised, ‘‘In- 
asmuch as the larger stationary 
acetylene generators. . .will con- 
tinue to be manufactured. . . the 
name of ‘Sight Feed Generator’ will 
be preserved and referred to as a 
division of Rexarc, Incorporated.” 


Britain Removes Controls 


According to a communication 
from the Dept. of Commerce, Wash- 
ington, D. C., the British Govern- 
ment has announced the removal of 
virtually all the remaining controls 
on dollar imports effective Novem- 
ber, 1959. Among the items to be 
freed are the special types of machin- 
ery on which restrictions had been 
retained after the extensive machin- 
ery liberalization of September 1958. 
This means that beginning Novem- 
ber, 1959, such items as welding ma- 
chinery, for instance, will no longer 
require licenses on entry into 
the United Kingdom. 

It is possible that this latest lib- 
eralization move of the British Gov- 
ernment will enable manufacturers 
to resume fully their traditional 
trading operations in the important 
United Kingdom market. 
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HERE’S 
HOW STILL 
ANOTHER ’ 
MANUFACTURER 

JOINS = 
STAINLESS | 

STEEL 
TUBING: 


He uses 
Handy & Harman’s 
BRAZE 630 


problems. 


Super-Donic Manufacturing Company, Atlanta, Georgia, manu- 
factures ‘‘Dual Arm Transmissions” for the dental industry. Most 
everybody has—at one time or another—seen and/or felt this unit 


. in operation. 


It is fabricated of small diameter 304 and 316 stainless steel 
tubing and, in its assembled form, consists of some 17 separate 
brazed joints. Joints must be strong, corrosion resistant and 


neat-appearing. 


FOR A GOOD START: 
BULLETIN 20 


This informative booklet gives a 
good picture of silver brazing and 
its benefits . .. includes details on 
alloys, heating methods, joint de- 
sign and production techniques. 
.Write for your copy. 


He’s one of many manufac- 
turers and fabricators who have 
found—to their lasting satisfac- 
tion—that Handy & Harman 
silver alloy brazing is the final 
answer to stainless steel joining 


§ 


Each of the 17 joints is hand-torch brazed with 
Handy & Harman BRAZE 630 wire and HANDY FLUX 
TYPE B-1. There’s no question that this is a unique 
application. There’s no question, either, that the 
application is stainless steel. The ease and economy 
with which this manufacturer solves his problems 
can be just as readily applied to your stainless steel 
joining problems. 

Strength, production speed, electrical and thermal 
conductivity, gas and liquid tightness and low cost 
are natural benefits of silver alloy brazing. We think 
it worth your while to learn more about this re- 
markable metal-joining method—we'll be glad to 
send you any information you ask for. Handy & 
Harman, 82 Fulton St., New York 38, N. Y. 


Your No.1 Source of Supply and Authority on Brazing Alloys Offices and Plants 
Bridgeport, Conn. 
Chicago, Ill. 
Cleveland, Ohio 
Dallas, Texas 
etroit, Mich. 


HANDY & HARMAN] 


Providence, R. |. 


General Offices: 82 Fulton St., New York 38, N. Y. San Francisco, Calif. 
Montreal, Canada 
DISTRIBUTORS IN PRINCIPAL CITIES Toronto, Canada 


for details, circle No. 22 on Reader Information Card 
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BATEMAN 


BANTAM 


IRON WORKER 


THE ONLY IRON WORKER OF ITS 
KIND ON THE MARKET TODAY 


No Grinding Neces- 
sary After Cut. One 
Stroke Cycle Clutch 
Operated by Hand 
or Foot. 


The Bateman “Ban- 

tam” cuts 2” x 2” x 

4" angles and 4” x 

4” flats. Standard 

punches will fit this 

machine. The Coper 

will cope 1%” 

through 44” material. 

It will punch 2” 

hole through 4” ma- 

terial. With the clutch 

open, the Bantam will 

make 44 strokes per minute. It is made of 

high-grade cast iron, with the clutch, pin 

and dog made of hardened steel. The blades 

are made with tool steel. Ic is powered with 

a fly wheel and gear drive, and uses a small 
% hp motor, 1750 rpm. 


Bateman Bantam with punch $575.00 
195.00 


BATEMAN FOUNDRY & MACHINE 


MINERAL WELLS, TEXAS 


For details, circle No. 23 on Reader Information Card 


| the center. 


Copper and Brass Contest Opens 


Inauguration of the second annual 
competition to honor the year’s 
most outstanding contribution to 
the use, application, or metallurgy 
of copper and copper-base alloys 
has been officially announced by 
the Copper & Brass Research Assn. 
Winner of the 1960 competition will 
receive $1000 and a handsome 
bronze award to be presented May 


| ASM Builds New Headquarters 


The striking features of the new 


_ headquarters of the American So- 


ciety for Metals, Metals Park, 


_ Novelty, Ohio, include a decorative 


geodesic dome of large proportions 
and a lavish use of metals and alloys. 
Segmented under the edges of the 


_ lattice dome, a flat two-story office 


building, nearly semicircular, looks 
into a sunken mineral garden in 
On one side, the sloping 
hillside leads into a lower courtyard. 


While the office building is described 
as modern, efficient and functional, 
it is completely transcended by the 
varied geometrical design and the 
open, sweeping lines of the structure. 
The architectural theme is to sym- 
bolize man’s mastery over metals: 
the sunken mineral garden repre- 
sents the earth’s resources; the 
dome, man’s achievement; the 
buildings, man’s technology. 


The striking features of the new American Society for Metals’ headquarters at 
Metals Park, Novelty, Ohio, are completely freed from the usual concepts of an 


office building 


17 at the Association’s annual 
meeting in Hot Springs, Va. 
Nominations for the 1960 Award 
competition should be mailed to the 
Association no later than Mar. 31, 


1960. Entry forms with complete 
information are available from the 
Copper & Brass Research Associa- 
tion, 420 Lexington Ave., New 
York 17, N. Y. 


CONTRIBUTE NOW TO THE NEW HOME OF AWS! 


Excavation for new building gets underway 


TO SOVARCE AWERICS S 


In consideration of the gifts of others I intend to give to UNITED 
ENGINEERING CENTER 


UNITED ENGINEERING CENTER BUILDING FUND 5 on 
____ Balance will be paid as follows 


Paid herewith $_ 


Credit my gift to: 
OAWS 
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New Course in Welding 
Offered at Stevens 


A new course in “‘Welding Proc- 
esses” offered by the Industries 
Training School at Stevens for 
the 1960 spring semester, was an- 
nounced by I.T.S. Director L. 
Edwin Backer. 

The course is intended for men 
who wish to upgrade their positions 
in the appliance, electronics, metal 
fabrication, shipbuilding and related 
industries. Included are lectures 
on brazing; resistance welding; 
manual, semiautomatic and auto- 
matic arc welding; metal and 
carbon electrodes; and a detailed 
study of the physics of arc welding. 

The course is given Wednesday 
evenings from 6:50 to 9:20. 

Prerequisites are a _ high-school 
diploma or equivalent industrial 
experience as well as a knowledge of 
basic metallurgy and elementary 


ELDER 
PROBLE 


& If you’re bothered by large voltage 
drops, it will pay you to investigate the 
Load Control System. 

Load control is the automatic program- 
ming of line loading in welding systems to 
give maximum power utilization without 
production loss or excessive voltage drop. 


algebra. 

Further information may be ob- 
tained by writing to the Industries 
Training School, Stevens Institute 
of Technology, Hoboken, N. J. 


WITHOUT CONTROL 


WITH CONTROL 
NEMA Committee Acts 
Oscilloscope traces show actual voltage 
_ The Arc Welding Section of the levels during firing, both with and without 
National Electrical Manufacturers control. Voltage drop was reduced from 
Association at a recent meeting in F 27% to only 6% in one large automotive 
Chicago decided to “review and plant, with no slowdown of production. 
develop recommendations and co- For complete information write or call 
operate with federal and military Elmer Hankes or Richard Rogers, FEderal 


bodies in the preparation of new and 9-7203, or write Instrument Control Co., 1554 
revised specifications covering arc Nicollet Ave., Minneapolis 3, Minnesota. 


welding apparatus for federal and 
New Gauge Measures 


military requirements.” 
WELDING ELECTRODE FORCE 


N. C. Miller, who heads the 
section, was appointed representa- 
tive to the NEMA board of gover- 
nors. The next meeting of the sec- 

with only 54” between load points. 
Rugged all mechanical design—no 
leaky hydraulic units or sensitive 
electrical circuits to cause trouble. 


tion was scheduled for March 17, 
1960, in Pittsburgh, Pa. 


DEDICATE NEW PLANT 


New CYCLE COUNTER 
Accurately Checks Weld Time 


Counts actual weld time dur- 
ing firing. PORTA-COUNT 
is light and small enough to 
carry easily—keep right on 
the job. Completely portable 
and self-contained with long 
life (up to 2 years) batteries. 
Counts single phase. 


Participating in the dedication of the 
$120,000 plant of Welder’s Supply Co., 
Seattle, Wash., are shown (left to right): ne 

W. W. Anderson, Linde Co.; W. Peters, | | ST R T c C 0 T R 0 L 0 
Chamber of Commerce; D. W. Axworthy, | = S 


vice president Welder’s Supply; Denny 
Givens, Industrial Council. 


1554 NICOLLET AVENUE + MINNEAPOLIS 3, MINNESOTA 
For details, circle No. 24 on Reader Information Card 
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Big Three—Ransome Merger 
ls Confirmed 


At a recent press luncheon held in 
New York City, the acquisition of 
Worthington Corp.’s welding ma- 
nipulator business by Big Three 
Welding Equipment Co. of Houston 
Tex., was formally confirmed. The 
re-emergence of the Ransome Co. 
as a separate, wholly-owned division 
of Big Three was described as a 
natural outcome of the specialized- 
growth trend in the field of welding 
manipulators by H. K. Smith, 
Big Three’s president and Paul 
Galton, Ransome’s general man- 
ager. 

The growth in demand for special- 
ized designs, notably in automated 
welding equipment, now requires a 
new type of production emphasis. 
Ransome and Big Three are suitably 
prepared to further this develop- 
ment by increased emphasis on 
automated design and a broadened 
manufacturing facility. While a 
new, 24,000-sq-ft plant is being 
erected in Houston, production will 
continue at Worthington. Sales, 
engineering and general offices are 
located in Scotch Plains, N. J. 


Sketch of Ransome plant under construction next to the Big Three 


works in Houston, Tex. 


National-U. S. Radiator Sold 


The sale of the entire operating 
assets of the National-U. S. Radi- 
ator Corp. to the Crane Co. was 
announced by Theodore B. Focke, 
president of the former. The $15 
million cash sale, which includes all 
divisions of the corporation, will 
not affect employe status since 
Crane Co. will operate the business 
substantially as in the past. 


All you 
want — 
when you 
want it. 
In the 
RED 
DRUM. 
Wire for 
supplier... 


NATIONAL CARBIDE COMPANY 


A DIVISION OF AIR REDUCTION COMPANY, INC, 
150 East 42nd Street, New York 17,N.Y. 


For details, circle Ne. 25 on Reader information Card 
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All-State Expands Facilities 


All-State Welding Alloys Co., one 
of the nation’s foremost manu- 
facturers of aluminum welding elec- 
trodes, is expanding its Los Angeles 
facilities to better serve growing 
markets in the West. 

The company has moved into 
modern facilities at 4954 Firestone 
Blvd., more than doubling the space 
previously available for its Pacific 
operations. The Los Angeles fa- 
cility is said to include the most 
modern welding-wire spooling ma- 
chines of their type. 

All-State Welding Alloys’ home 
office and plant is in White Plains, 
N. Y., and its Aluminum Wire 
Products affiliate is centered in 
Glastonbury, Conn. 


Arc-welding Show 


Engineers and executives of or- 
ganizations that use welding ex- 
tensively are being invited to pre- 
view recent advances in arc welding 
at the New York Coliseum by J. B. 
Nottingham & Co., Inc., 441 Lex- 
ington Ave., New York 17, N. Y. 
Methods, systems and equipment 
will be exhibited and demonstrated 
in the private showing in the 
Coliseum’s South America suite 
from March 1-3. 

A “building block’ strip heater 
system for preheat will be shown for 
the first time. New developments 
will be exhibited in the multiarc 
welding system the company intro- 
duced at a similar show two years 
ago. 

Other equipment to be shown 
includes air-cooled electrode hold 
ers, portable power-distribution sys- 
tems, electrical connectors for arc- 
welding systems and cable-splicing 
and vulcanizing kits. Company en- 
gineers and officials will be present 
to answer questions and demon- 
strate equipment. 
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new feedback control gives you consistently 
high quality welds... automatically 


/ The new Monautronic V-2 welding control makes use 
< i} J , of the latest advances in electronic computing to over- 

come automatically such obstacles to weld quality as 
line voltage fluctuation, electrode wear, variations in electrode 
tip force, surface finish and shunting. 


The control compensates for undesirable variations usually en- 
countered in resistance welding by maintaining voltage across a 
weld at a constant value. This constraint of voltage amounts to 
constraint of final weld temperatures, and such temperature 
control assures uniform production of high quality welds. 


Any metal that can be resistance welded can be welded better with 
the Monautronic V-2 than with any other control on the market. 


For complete details, contact THE BUDD COMPANY, Elec- 
tronic Controls Section, Philadelphia 32, Pa., or one of our 


Monautronic V-2 welding control has fully regional offices. *Case study upon request. 


automatic sequencing with all provisions 


for single spot, roll spot and seam welding. 


2450 Hunting Park Ave. 12141 Charlevoix Ave. 3050 East 11th St. 
Philadelphia 32, Pa. Detroit 14, Mich. Los Angeles 23, Cal, 
For details, circle No. 26 on Reader Information Card 
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G. E. Tenney Retires 


G. E. Tenney WS, director of 
services for the Lincoln Electric Co., 
Cleveland, Ohio, and a member of 
its board of directors, retired from 
the organization January Ist after 
.28 years of service. 

Tenney joined the sales division in 
1931, and was district sales mana- 
ger in Chicago for 16 years. In 
1947 he was made director of 
services and given the assignment of 
establishing an international field 
service shop organization. Tenney 
established 232 field service shops 
located in every state in the Union 
including Alaska and Hawaii, plus 
the foreign countries of Canada, 
Cuba, Puerto Rico and Columbia. 
He organized service schools, con- 
ducted at Cleveland, to provide the 
service shops with factory trained 
personnel. 

He also organized the Lincoln 
Exchange Plan, a low-cost replace- 
ment parts program, and Lincolndi- 
tioning, providing the customer 
with new welding-machine perform- 
ance through a low-cost factory re- 
build arrangement. 

Tenney is an Ohio State graduate 
and served as President of its 
Alumni Association. 


G. E. Tenney 
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Four Appointed by Alloy Rods 


E. R. Walsh, III, vice-president— 
sales, for Alloy Rods, York, Pa., 
electrode manufacturer, recently an- 
nounced the appointment of James 
A. Fox and Robert G. Rogers to the 
field sales organization. 

J. A. Fox has been assigned to the 
Newark Sales Office to represent the 
company in central New Jersey and 
to New York State distributors. 
R. G. Rogers has been assigned to 
the company’s San Francisco Bay 
area sales office in Emeryville, Calif. 

In addition, Einar Iverson, mana- 
ger of the newly formed hard sur- 
facing division announced the ap- 
pointment of Willard F. Stewart 
and Albert A. Averbeck 3 as hard 
surfacing specialists for that divi- 
sion. 

A. A. Averbeck has been assigned 
to the Chicago sales office as a 
specialist to work with the com- 
pany’s regular salesmen and distri- 
butors. W. F. Stewart has been 
given a similar assignment in the 
Alloy Rods Co. Pittsburgh office. 
All four men, although thoroughly 
familiar with most phases of 
welding, have recently completed 
advanced training programs. 


Gierke Joins NCG 


Dale W. Gierke has joined Na- 
tional Cylinder Gas Division of 
Chemetron Corp. as quality control 
manager, the company announced. 

Mr. Gierke is responsible for in- 
spection of parts and products pro- 
duced at the division’s equipment 
plant at 4700 W. 19th St., Chicago, 
and for establishing control proce- 
dures and methods. A mechanical 
engineering graduate of Illinois In- 
stitute of Technology, Gierke for- 
merly was a staff quality control 
engineer at Controls Company of 
America. He is a member of the 
Chicago section of the American 
Society for Quality Control. 


A. A. Averbeck 


Weide Named by Hobart 


Harley W. Weide WS has been 
named district representative of the 
southwestern states for Hobart 
Brothers Co., Troy, Ohio. Mr. 
Weide will supervise the distribution 
of Hobart arc welding equipment 
and electrodes in Southern Cali- 
fornia, Arizona and New Mexico. 
He was formerly secretary-treasurer 
of the Toledo Ohio Section of AWS. 


Coburn, Grant Assigned 


Robert H. Coburn @§ and Wil- 
liam A. Grant @3 have each been 
appointed district sales managers, 
Electronic Controls Section, the 
Budd Co., in an announcement to- 
day by John P. Poth, general mana- 
ger. 

Mr. Coburn will make his head- 
quarters in Detroit, Mich., where he 
will have over-all sales responsi- 
bility to the automotive and general 
metalworking industries. Mr. Co- 
burn, who served in the U.S. Navy 
in World War II is a member of the 
AMERICAN WELDING’ SOCIETY, 
American Ordnance Association and 
the Aircraft Owners and Pilots 
Association. 

Mr. Grant will be headquartered 
in Los Angeles, Calif. 

Mr. Grant, who has had wide air- 
craft welding experience, graduated 
from Glasgow Technical College, 
Scotland, with a B.S. in electrical 
engineering, and is a member of the 
American Society for Metals in 
addition to being a member of 
AWS. 


Steiner Assumes New Duties 


Walter A. Steiner has been ap- 
pointed vice president—technology 
of National Carbon Co., division of 
Union Carbide Corp., it was an- 
nounced recently. Mr. Steiner, 
who had been vice president in 
charge of development since 1954, 
will now be responsible for both 


Weide 
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NO. 3 OF A SERIES 


“How to Design Welded Aluminum Structures” 


Additional Strength Revealed 
in Welded Aluminum Members 
Under Tension 


Mr. Harry N. Hill, 
Engineering Design Division 
Chief, Alcoa Research 
Laboratories, Aluminum 
Company of America, reports 
research findings presented 
at the 1959 annual meeting of 
the American Society of 

Civil Engineers. 


What is the strength of a welded aluminum 
alloy tension member? Extensive research 
shows that there is no single answer for any 
given alloy. Such strength depends on the 
location and extent of the welds . . . and 
whether the most important factor is ultimate 
strength or resistance to permanent deformation. 

In many practical cases, welded tension 
members are very nearly as strong as the 
parent metal that is not welded, despite the 
softening effect of the heat of welding. This 
article provides design concepts for determin- 
ing the strength of welded tension members 
by applying the rules from the first two 
articles in this series. 

First, let us consider a tension member that 
is stressed in a direction parallel to a weld. 
The chart at right was developed from tensile 
tests made at Alcoa Research Laboratories 
on plate specimens of a cold-worked alumi- 
num alloy having longitudinal butt welds. 
The curves. on the chart represent calculated 
strengths based on the “reduced-strength 
zone”’ concept. The formula below the chart 
was developed from this design concept. 
Yield strength is similarly computed. 

Strengths calculated from these formulas 
are shown to agree very well with the tensile 
and yield strengths obtained from the tests. 
Hardness tests of the test specimens revealed 
a reduced-strength zone about % in. on either 
side of the weld. Although in this region the 
strength is appreciably reduced, tests with 
specimens 6 or 8 in. wide show over-all 
strength just a few per cent below the strength 
of the unwelded material! 

Let us now consider tension members in 
which the stress is across the weld. 

Where the weld covers the full cross section 
of the member, the ultimate tensile strength 
is determined by the condition of the metal 
immediately adjacent to the weld. 

However, if the determining factor is per- 
manent deformation rather than ultimate 
strength, use of the “‘10-in. gage length yield 
strength’’ concept will generally indicate 
strength 30 to 40 per cent higher than the 
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Results of Tension Tests of Longitudinally Welded Members 


A 
fu=fuo— (fue— fuh) 


where: fu=tensile strength of welded member, 
fuo=tensile strength of parent metal not 
fuh=minimum tensile strength in the red 
A=cross-sectional area of the member, 


Ar=area of the cross section within the 
in square inches 


minimum yield strength of the material im- 
mediately adjacent to the weld. When a 
transverse weld does not cover the full cross 
section of a member, the reduced-strength 
zone concept can be applied as for longi- 
tudinal welds, as above. 

This is the third in a series of design con- 
cepts that are providing engineers with a 
more realistic set of rules for applying welded 
aluminum to structural work. Watch for 
additional subjects in this series: strength of 
welded members in compression, strength of 
welded beams, fillet welds and design data. 

For top-quality aluminum welding products 
such as consumable electrodes, welding and 
brazing rods and fluxes, and solder and solder- 
ing fluxes, contact your nearest Alcoa sales 
office. For more complete information on 


For details, circle No. 27 on Reader Information Card 


psi 

welded, psi 
uced-strength zone, psi 
in square inches 
reduced-strength zone, 


“Designing Welded Alu- 
minum Structures,” write 
Aluminum Company of 
America, 1762-C Alcoa 
Building, Pittsburgh 19, Pa. 


© 
ALUMINUM 


Your Guide to the Best 
in Aluminum Value 
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AEROJET-GENERAL 


offers outstanding 
opportunities in 
its newly created 


FABRICATION 
RESEARCH 
DEPARTMENT 


WELDING RESEARCH ENGINEERS 
B.S., M.S., 


lurgy, metallurgical engineering 


or Ph.D. in metal- 


or mechanical engineering, with 
minimum of six years’ experience 
in welding and, or brazing of high 
strength steels and refractories. 
Some experience in research and 
development of metal joining 
processes and techniques is highly 


desirable 


METALLURGICAL ENGINEERS 

B.S., M.S., or Ph.D. in metallurgy 
or metallurgical engineering with 
experience in the field of metal 
processing or metal joining of 
high strength steels, titanium and 


retractories 


Please submit complete 


resume to: 


R. A. GALUZEVSKI, 
HEAD, FABRICATION RESEARCH, 
SOLID ROCKET PLANT, 


Aerojet-General 
CORPORATION 


P.O. BOX 1947DD 
SACRAMENTO, CALIFORNIA 


274 | MARCH 1960 


research and development activities. 
Having joined National Carbon in 
1924, he has been active in engi- 
neering, construction, research and 
development, both here and abroad. 


Tildesley Made Manager 


Renée D. Wasserman, president of 
Eutectic Welding Alloys Co. of 
Canada, Ltd., announced the ap- 
pointment of James M. E. Tildesley 
to the position of general manager. 
Mr. Tildesley will be located at the 
company’s newly opened plant and 
head office building at 5051 Cote de 
Liesse Road, St. Laurent, Montreal, 


James M. E. Tildesley 


Previously, Mr. Tildesley was 
with Die Plast, Ltd., first in the 
capacity of comptroller and then as 
general manager and director, with 
full responsibility for company op- 
erations, including production, pur- 
chasing, marketing and sales ad- 
ministration. In his new position, 
Mr. Tildesley will be responsible for 
carrying out an extensive expansion 
program. 


M&T Announces 
Personnel Changes 


H. E. Martin, president of Metal 
& Thermit Corp., has announced 
the election of A. J. Fisher, Jr. as 


A. J. Fisher, Jr. 


executive vice-president. Mr. Fisher 
joined M&T in 1955, most recently 
serving as general manager of 
the welding products division. He 
had previously gained wide ex- 
perience in the chemical industry 
and holds a bachelor’s degree in 
chemistry from Princeton Univer- 
sity. 

Edward E. Anderson vice- 
president in charge of West Coast 
operations of the company has re- 
tired after 46 years of service. 
Starting as assistant traffic manager 
at the Carteret, N. J., plant in 1914, 
Mr. Anderson moved up the ranks, 
becoming vice-president in 1955. 
He has been active in many social, 
civic and business groups. 


Gibbons Appointed 


United Specialties Inc., El Dor- 
ado, Ark., announce the appoint- 
ment of James A. Gibbons as 
regional sales manager with head- 
quarters at 2735 Elizabeth Dr., 
Avon, Ohio. 

Mr. Gibbons is a graduate of 
Indiana University (U. S. Army 
Basic Engineering) and Western 
Reserve University, Cleveland, 
Ohio. He has served in the field 
as an industrial equipment sales en- 
gineer. 


WELDING 
ENGINEERS 


Graduate electrical or mechanical 
engineers for unusual opportunity 
in the design and development of 
arc welding equipment. Due to 
rapid growth, positions open in: 

1. Design of power supplies using 


semi-conductor power and 
control devices. 


Design of automatic arc weld- 
ing systems including elec- 
tronic control circuitry, elec- 
trode drive systems and con- 
sumable electrode torches. 


These positions are with one of the 
largest diversified manufacturers of 
electrical products and are not de- 
pendent on defense contracts. 
Salary commensurate with experi- 
ence. Please include in confiden- 
tial reply all details relating to 
education and experience. 


Write: 


Box V-387 
Welding Journal 
33 West 39th Street 
New York 18, New York 
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Paul Chatterton 


Chatterton, Bullock and Beane 
Join Fibre-Metal 


Charles Beane has joined the 
sales organization of the Fibre- 
Metal Products Co. in Chester, Pa., 
and will cover the New England and 
New York State territory. Mr. 
Beane, formerly with the Heywood- 
Wakefield Co. of Gardner, Mass., 
will reside in Athol, Mass. 

Joseph T. Bullock has become 
sales representative and will call on 
distributors of welding and safety 
supplies in Pennsylvania, New 
Jersey, Delaware, Maryland and 
Virginia. He was formerly with the 
Downham Press, Chester, Pa. 

Paul Chatterton has joined the 
Sales Department of Fibre-Metal 
Pacific, and will cover the States 
of Washington, Oregon and Idaho 
on a wholesale basis calling on 
distributors of welding and safety 
equipment. Mr. Chatterton is a 
mechanical engineer and has ac- 
tively participated in welding and 
safety affairs for 30 years. He is 
a past-chairman of the Portland 
Chapter of the AMERICAN WELDING 
Society, and has been a line officer 
in the American Society of Safety 
Engineers for nine years, currently 
serving as Treasurer of the Portland 
Chapter. He is a _ distinguished 


Charles Beane 


service award holder of the Portland 
Chapter of ASSE, and was for- 
merly with J. E. Haseltine Co. of 
Portland, Seattle and Spokane. 


Emerson Personnel Promoted 


Important organizational changes 
in the manufacturing department 
of Emerson Electric Mfg. Co. have 
been announced as follows: 

Bernard (Bud) Purcell was named 
assistant vice-president in charge 
of operations and general manu- 
facturing manager. 

Don Norton was made assistant 
manufacturing manager and engi- 
neer in charge of the newly formed 
Manufacturing Engineering Divi- 
sion. 

Reporting to Don Norton will be 
William E. Roof as assistant manu- 
facturing engineer responsible for 
processing, project engineering and 
control, and Burt Lasko as assistant 
manufacturing engineer responsible 
for tool design and fabrication. 


Douglas Fills New Post 


A district office has been estab- 


lished by the Lincoln Electric Co. in 
Washington, D. C. William P. 
Douglas 3, field welding engineer 
for the company, has been named 
the district manager. 

Douglas, a graduate of Penn 
State with a B.S. in mechanical engi- 
neering, had represented the com- 
pany in both Buffalo and Pitts- 
burgh prior to this appointment. 


William P. Douglas 


sirable but not essential. 
ment. 


METALLURGICAL ENGINEERS 


Vacancies exist at New Jersey laboratory for metallurgists to 
conduct applied research in the following fields: 
1. The welding of alloy steels and nickel base alloys. 
2. Corrosion of steels and nickel containing alloys. 
3. Vacuum refining and casting of alloys. 
4. The development of ferrous and non-ferrous alloys to 
meet special industrial requirements. 


Minimum requirement M.S. degree. 
Excellent opportunities for advance- 


Apply giving details of qualifications and experience to: 


The Personnel Department 


THE INTERNATIONAL NICKEL CO., INC. 


67 Wall Street 
New York 5, New York 


Previous experience de- 
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Moore Appointed Sales Engineer 


Appointment of James E. Moore 
as sales and service engineer in the 
Middle-Atlantic states has been 
announced by Mr. E. J. Lell, vice- 
president in charge of the Colmonoy 
Division, Wall Colmonoy Corp., 
Detroit, Mich. 


James E. Moore 


In his new position, Moore will 
have offices in the Wall Colmonoy 
plant at Morrisville, Pa. He will 
be responsible for providing hard- 
surfacing application and develop- 
ment engineering assistance to 
manufacturers and users of indus- 
trial products. 


— BEST MOVE IS TO MOVE WITH 


MERRILL 


MATERIAL HANDLING DEVICES FOR THE 


Operation 
SIZES 


Imitated, but never duplicated, Merrill 
Lifting Clamps are Drop Forged to give 
you — in Handling and Economy in 


Peck Made District Manager 


Leigh H. Perkins, vice-president 
in charge of sales of the Harris 
Calorific Co., announced the ap- 
pointment of Richard M. Peck as 
West Coast district sales manager 
with headquarters in Berkeley, 
Calif. 

Mr. Peck has been associated with 
Harris for the past 21 years in vari- 
ous capacities, including sales repre- 
sentative, plant superintendent and 
works manager. His duties will 
include, increasing distributor repre- 
sentation and the servicing of key 
accounts on the West Coast and in 
Western Canada. 


Trueman, Hoenes and Gordon 
Move Up 


D. C. Trueman WS, chief drafts- 
man in charge of engineering for the 
Steel-weld division of the R. C. 
Mahon Co., Detroit, has been 
named assistant general manager of 
the unit. In making the announce- 
ment, J. W. Ault, division general 
manager, said that Trueman’s posi- 
tion is being filled by William 
Hoenes WS, formerly chief estimator, 
with W. M. Gordon WS succeeding 
Mr. Hoenes as chief estimator. 


Mr. Trueman joined the Mahon 
organization in 1956. Before that 
he was in the engineering section of 
Taylor-Winfield’s fabrication divi- 
sion in Detroit. 


Trager Becomes Manager 


S. C. Trager has been appointed 
manager of the Pure Carbonic Co.’s 
distribution department, it has been 
announced by J. J. Lincoln, Jr., 
president of Pureco. His appoint- 
ment became effective on Dec. 1, 
1959. 

Mr. Trager has been associated 
with the Pure Carbonic Company 
since 1951. He has held positions 
as assistant plant superintendent 
in Kansas City, Kan., and plant 
superintendent of its Deepwater, 
N. J., facility. Most recently, 
Mr. Trager has served as assistant 
to the vice-president—distribution, 
in Pureco’s New York headquarters. 


O’Connell Advances 


Appointment of T. F. O’Connell as 
general sales manager, Distributor 
Products Department of Linde Co., 
Division of Union Carbide Corp., 
has been announced. In his new 
assignment, Mr. O’Connell will dis- 
charge full responsibility for execu- 
tion of the sales program of Linde’s 


desirable. 
super-alloys. 


WELDING ENGINEER 


To develop short range and long term welding processes and guide 
development of individual qualification and certification tests for proprie- 
tary and subcontract products. 

Primary experience must be in fusion welding, including manual, sub- 
merged arc and inert gas shielded methods. 
of resistance welding required—experience in spot and flash welding 
Will work in carbon and stainless steel, aluminum and 


Permanent position with 80 year old nationally known manufacturer of 
essential equipment for public utilities, industries, transportation and 
government procurement agencies. 
adding new products of a specialty nature and improvement of present 
manufacturing operations. 


DRESSER MANUFACTURING DIVISION 


Fundamental knowledge 


Active long range program of 


Submit resumes to Personnel Manager. 


BRADFORD, PA. 


One of The Dresser Industries 


/ | 


APRIL IS 


NATIONAL 

WELDED 
Over 25 Material Hand- PRODUCTS VISIT 
ling Devices described MERRILL eats THE AW.S 
in our catalog C-2. TWIN LIFTER WELDING 


Ask for a copy. 


MERRILL BROTHERS 


56-33 Arnold Ave., Maspeth, N. Y. 


LOS ANGELES, CAL.-APRIL 25-29, 1960 


For details, circle No. 28 on Reader information Card 
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THE MOST IMITATED ELECTRODE IN AMERICA 


In October, 1954, Alloy Rods Company “scooped” the welding electrode industry. For the first 
time an all position—iron powder—low hydrogen electrode was made available to the American 
welding industry. Immediate acceptance by the nation’s most prominent and discerning fabrica- 
tors proved Atoms Arc to be the most outstanding new electrode development on the American mar- 
ket and for nearly one and one-half years Atom*Arc was in the enviable position of being the only 
electrode of this type available. Due to consistent high quality, Atom*Arc has remained the leader 
in its field and because of this leadership, is the most imitated electrode in America. 

Alloy Rods Company is truly the leader in the alloy welding industry, and we suggest that you con- 
sult us regarding iron powder low hydrogen electrodes ranging in tensile properties from 70,000 
p.s.i. to 120,000 p.s.i. and Charpy impact values from 240 ft. lbs. at room temperature to 15 ft. Ibs. 
at —150° F. Specify your requirements from the following: 


4 Atom * Arc 7018 Atom *Arc 8018N Atom *Arc 8018CM Atom*Arc 10018MM Atom * Arc 502 
, AWS Class E7018 AWS Class E8018-C2 AWS Class E8018-B2 AWS Class E10018-D2 AWS Class E502 
Atom * Arc 7018Mo Atom*Arc 8018 Atom *Arc 9018CM Atom* Arc 12018NMV Atom Arc ‘T’ 
AWS Class E7018-Al AWS Class E8018-C3 AWS Class E9018-B3 AWS Class E12018-G For Welding T1 steel 


AWS Class E11018-G 
F 7 SALES OFFICES & WAREHOUSES 
| BOSTON * NEWARK * PHILADELPHIA 
PITTSBURGH * CHICAGO * SAN FRANCISCO 
EL SEGUNDO, CALIFORNIA 


Distributors in all other principle cities 


Alloy Rods Company 


LINCOLN HIGHWAY WEST 
YORK, PENNSYLVANIA 


TWENTY YEARS OF LEADERSHIP IN THE DEVELOPMENT OF QUALITY ALLOY ELECTRODES 


For details, circle No. 29 on Reader Information Card 
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ELECTRODE 
SALESMAN 


for 


Leading manufacturer of Mild, 
Stainless, and Hard Surfacing Elec- 
trodes and Wires. Northern Ohio 
territory including Cleveland. 


Sales experience in welding pre- 
ferred, but industrial sales experi- 
ence will be considered. 


Salary, incentive, and benefits to 
start with attractive long term pros- 
pects for producer in expanding 
company. 


Include all pertinent data in 
resume. All replies will be held in 
strict confidence. 


Write Box No. V-386, 
c/o Welding Journal 
33 West 39th Street, 
New York 18, N. Y. 


WELDING 
ENGINEER 


Fine opportunity for young gradu- 


ate engineer interested in new de- 
velopments in welding. This posi- 
tion offers a challenge to a creative 
minded young man. This man 
should be a self-started individual 
who is seeking a future with a com- 
pany well known for its achieve- 
ments in the welding field as well 
as being research oriented. Ex- 
cellent laboratory working condi- 
tions. Good starting salary and 
fringe benefits. 


Contact: D.H. Devine 
A. 0. Smith Corporation 
P. O. Box 584 
Milwaukee 1, Wis. 
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Distributor Products Department 
and for administration of Distributor 
Products Region Sales Offices. 

Mr. O’Connell has more than 30 
years’ active experience in the 
welding and cutting industry. Since 
he first joined Linde in 1928 as a 
Chicago District sales representa- 
tive, he has held numerous sales 
and field management responsi- 
bilities. 


Dobranski Appointed 


The K-G Equipment Co. has 
appointed William Dobranski as 
western district sales manager of 
the Los Angeles, Calif., sales and 
warehouse division. The division, 


William Dobranski 


will serve the states of California, 
Oregon, Washington, Nevada, 
Idaho, New Mexico and Wyoming. 
A native of California, Mr. 
Dobranski has spent more than 
twenty-seven years in sales positions 
serving the West Coast welding 
industry in several capacities. 


Positions Vacant 


Welding Engineer. Engineering 
Degree required. Opportunity to 
secure a challenging position with a 
growing collegiate program in engineer- 
ing instruction. Interested men are in- 
vited to contact the Dean of Engineer- 
ing, California State Polytechnic Col- 
lege, Pomona, Calif. 

V-387. Graduate Electrical or Me- 
chanical engineers for unusual oppor- 
tunity in the design and development of 
are welding equipment. Due to rapid 
growth positions open in: 1. Design of 
power supplies using semi-conductor 
power and control devices, 2. Design of 
automatic are welding systems includ- 
ing electronic control circuitry, elec- 


trode drive systems and consumable 
electrode torches. These positions are 
with one of the largest diversified manu- 
facturers of electrical products and are 
not dependent on defense contracts. 
Salary commensurate with experience. 
Please include in confidential reply all 
details relating to education and ex- 
perience. 


Services Available 


Welding Supervisor—-Welding Tech- 
nician-—Welding Inspector—or Quality 
Control Welding Instructor. Twenty- 
five years welding experience. Manual, 
semiautomatic, automatic (single, twin, 
tandem). Familiar with ASME, Navy 
Specifications—nuclear, pressure, tur- 
bines, tanks, etc., plus X-ray, magnetic 
particles, Zyglo and dye-penetrant in- 
spection. Wire, phone, write Thomas 
Nelson, 281 S. Franklin St., Wilkes 
Barre, Pa. VA 2-2673. 


A-730. Interested in a position as a 
welding inspector or as a sales repre- 
sentative of welding equipment or in a 
supervisory position. Can travel any- 
where. 24 years experience in welding 
industry. 


OBITUARY 


James |. Banash 


James I. Banash, consulting engi- 
neer, died on January 10, 1960, in 
Los Angeles, Calif. He was an 
authority on safety measures con- 
cerning compressed gases and was 
widely known as an author, lec- 
turer and specialist in fire and acci- 
dent prevention. 

A graduate of the Massachusetts 
Institute of Technology, Mr. Banash 
was with Underwriters’ Labora- 
tories, Inc., Chicago, Ill., for 12 yrs 
and became head of the casualty de- 
partment. In 1932 he was elected 
president of the National Safety 
Council. He was consulting engi- 
neer for the International Acety- 
lene Association, a member of the 
AMERICAN WELDING SOCIETY, and 
an active member of many engi- 
neering and research societies. 


James H. Burnley 


James H. Burnley died of a heart 
attack on Friday, Dec. 18, 1959, and 
was buried in his home town of 
Charlotte, Va., on December 21st. 
Mr. Burnley was highly regarded by 
the members of the AWS Maryland 
Section for whom he served as chair- 
man for the 1958-59 season. He 
was connected with the Koppers Co. 
in Baltimore. 
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For copies of articles, write directly to 
publications in which they appear. AA list of 
addresses is available on request 


Aircraft Manufacture 

Spot Welding of Primary Aircraft 
Structures, N. K. Gardner. Brit. 
Welding J., vol. 6, no. 10 (Oct. 1959), 
pp. 461-466. 


Aircraft Manufacture 


Standards of Welding for Airframe and 
Aircraft Engine Parts, F. J. Tranter. 
Brit. Welding J., vol. 6, no. 10 (Oct. 
1959), pp. 443 -455. 

Aluminum and Alloys 

Dip Brazing with Paste Filler Metal 
Offers New Possibilities for Brazing 
Aluminum, A. M. Stapen. Indus. 


Heating, vol. 26, no. 6 (June 1959), 
pp. 1115-1116, 1118, 1120, 1122, 1274. 


Aluminum Brazing 
Techniques for Torch Brazing Alumi- 
num, H. E. Adkins and R. A. Ridout- 
Welding Engr., vol. 44, no. 8 (Aug: 
1959), pp. 30-32. 


Arc Welding 


Survey of Some Recent Developments 
in Arc Welding, E. Flintham. Beama 
J., vol. 66, no. 3 (Aug. 1959), pp. 
88-93. 


Automobile Manufacture 


Automatic Spot Welding on New 
B.M.C. Baby Cars. Welding & Metal 
Fabrication, vol. 27, No. 10 (Oct. 1959), 
pp. 379-384. 

Brazing 

Dip Brazing Technics in Electrically- 
Heated Salt Bath Furnaces, L. B. 
Rosseau. Metal Treating, vol. 10, no. 5 
(Sept.-Oct. 1959), pp. 2-3, 30, 34-35, 
38, 40, 44, 56-57. 


Brazing 


High Temperature Brazing Filler Met- 
als, D. C. Herrschaft. Tool Engr., vol. 
43, no. 3 (Sept. 1959), pp. 89-94. 


Brazing Quality Control 


Control of Quality of Brazed Assem- 
blies, F. Daintith. Brit. Welding -J., 
vol. 6, no. 10 (Oct. 1959), pp. 467-469. 


Bridges, Steel 

Field Inspection for Welded Highway 
Bridges, L. Grover. World Construc- 
tion, vol. 12, no. 6 (June 1959), pp. 38, 
13-44, 46, 49. 

Cranes 

Hinkley Point Project. Welding & 
Metal Fabrication, vol. 27, no. 10 (Oct. 
1959), pp. 373-378. 

Domes and Shells 


Modern Geodesic Dome Replaces Old- 
Fashioned Railcar Repair Plant. Weld- 
ing Engr., vol. 44, no. 9 (Sept. 1959), 
pp. 44-45. 

Furnaces 

Commercial Operation of High Vac- 
uum Heat Treat Plant, J. B. Merrill. 
Metal Treating, vol. 10, no. 5 (Sept.- 
Oct. 1959), pp. 10-11, 28. 


Heat-Resisting Materials 


Structural Foil for Hot Parts, M. J. 
Breitenbach and B. Lake. SAE 
Paper no. 99T (for meeting Oct. 5-9, 
1959), 15 pp. 

Missiles Manufacture 


For Best Results Draw-Bend and Braze 
Stainless Missile Tube Assemblies, H. 
M. Jenkins. Tooling & Production, 
vol. 25, no. 6 (Sept. 1959), pp. 60, 62, 
64. 

Motor Boats 


How Welding Pays Off for Boat Build- 
ers, D. L. Messersmith. Modern Met- 
als, vol. 15, no. 9 (Oct. 1959), pp. 48, 50. 


Nuclear Reactors 

Welding Provides Key for Door to 
America’s Nuclear Reactors. Welding 
Engr., vol. 44, no. 8 (Aug. 1959), pp. 


27-28. 
Oxygen-cutting Machines 
Programming for Numerical Control, 


L. Walter. Automation, vol. 6, no. 6 
June 1959), pp. 68-73. 


Pipe Lines 

New German Magnetic Girdle Makes 
Automatic Field Welds Practical, M. A. 
Judah. Pipe Line Industry, vol. 9, no. 
5 (Nov. 1958), pp. 42-45. 


Resistance Welding 
Developments and Techniques in Re- 


sistance Welding, R. W. Ayers. Beama 
J., vol. 66,no. 3 (Aug. 1959), pp. 93-98. 


Sandwich Construction 

Mass Produced, All Welded, High Tem- 
perature Sandwich, J. W. Scheuch. 
SAE Paper, no. 99V (for meeting 
Oct. 5-9, 1959), 13 pp. 

Sandwich Construction 

Optimum Joint Design for High-Tem- 
perature Honeycomb Panels, F. J. 
Filippi and B. Levenetz. SAE — Paper 
no. 99U (for meeting Oct. 5-9, 1959), 19 
pp. 

Shipbuilding 

Technical Progress in Shipbuilding 
During 1959. Shipbldr. & Mar. En- 
gine-Bidr., vol. 66, no. 611 (Jan. 1959), 
pp. 4-10. 


Ship Propulsion 

Welding Helps Launch First Nuclear 
Powered Merchant Ship. Welding 
Engr., vol. 44, no. 9 (Sept. 1959), pp. 
50-51. 

Stainless Steel 

How to Get Better Stainless Steel 
Welds, W. L. Wilcox. Welding Engr., 


vol. 44, no. 9 (Sept. 1959), pp. 32-34. 


Structural Design 

Composite Design Cuts Steel 20%, A. 
Garfinkel. Eng. News-Rec., vol. 163, 
no. 8 (Aug. 20, 1959), p. 44 
Submerged-Arc Welding 


Tooling for Automatic Arc Welding. 
R.A. Wilson. Tool Engr., vol. 43, no. 
2 (Aug. 1959), pp. 69-72. 


Synchrotrons 


15,120 Plates Make Magnet. Mass 
Production, vol. 35, no. 7 (July 1959), 
pp. 53-63, 96. 


Weld Quality Control 


Quality Control Methods Adopted by 
Large User When Purchasing Welded 
Equipment, E. Fuchs and W. Ash- 
worth. Brit. Welding J., vol. 6, no. 10 
Oct. 1959), pp. 429-438. 


Weld Testing 


Destructive Testing for Quality Control 
in Weldments. R. E. Lismer. Brit. 
Welding J., vol. 6, no. 10 (Oct. 1959), 
pp. 439-442. 

Weld Testing 

Gamma Radiography in Shipyards, J. 
Spiro. Shipbldr. & Mar. Engine- 


Bidr., vol. 66, no. 614 (Apr. 1959), pp. 
196-198. 


Weld Testing 


Influence of Local Heating on Fatigue 
Behavior of Welded Specimens, T. R. 
Gurney and L. Nekanda Arepka. Brit. 
Welding J., vol. 6, no. 10 (Oct. 1959), 
pp. 491-497. 


Weld Testing 


Notch Rupture Strength of Type 347 
Heat Affected Zone, R. J. Christoffel. 
ASME—Paper no. 59-MET-13 (for 
meeting Apr. 29- May 3, 1959), 11 pp. 


Weld Testing 


Radiographic Inspection Techniques 
for Weld Examination, R. Halmshaw. 
Brit. Welding J., vol. 6, no. 10 (Oct. 
1959), pp. 456-461. 


Weld Testing 


Ultrasonic Testing of Welds, D. O. 
Sproule. Brit. Welding J., vol. 6, no. 
10 (Oct. 1959), pp. 470-479. 


Welded Steel Structures 

Compressive and Tensile Loading 
Tests on Joists with Web Stiffeners, L. 
G. Johnson. Brit. Welding -J., vol. 6, 
no. 9 (Sept. 1959), pp. 411-420. 
Welded Steel Structures 

Further Tests on Welded Connections 
Between I-Section Beams and Stan- 
chions. L. G. Johnson. Brit. Welding 
J., vol. 6, no. 8 (Aug. 1959), pp. 367 
373. 
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new Westinghouse iron powder-coated electrodes enable 


For superior, faster, easier welding, try the new ZIP-10 electrodes—latest advance from Westinghouse research 
and development. Key to the ZIP-10’s performance: a special iron-powder coating that helps boost welding 
speed ... makes welding easier because of more spray-type metal transfer . . . permits instant restrike whether 
the tip is hot or cold. With ZIP-10 iron powder-coated electrodes, welds are smooth, strong, continuous . . . free 
from breakdowns, pin holes, puffing craters. Undercuts are reduced. Slag is simple to remove. And the ZIP-10 
produces outstanding welds regardless of the position in which they are held. 
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faster welding, instant restrike, hot or cold 


Check your nearest franchised Westinghouse welding distributor about the new ZIP-10, one of a series of 
iron powder-coated electrodes ...as well as the other electrodes in the complete Westinghouse line. Write 
Westinghouse Electric Corporation, Welding Department, 4454 Genesee Street, Buffalo 5, New York, for a 


pocket-sized electrode selector booklet. 
J-10482 


watch Westinghouse for new developments in welding 


you CAN BE SURE...1F ITS \ Vestinghouse 


For details. circle No. 30 on Reader Information Card 


2,905,805 -GAS-SHIELDED ARC WELD- 
ING--Thomas McElrath, Chatham, 
and Eugene F. Gorman, Rutherford, 
N. J., assignors to Union Carbide 
Corp., a corporation of New York. 

A process for arc welding stainless steel sheet at 
greatly increased welding speeds without under- 
cutting is covered by the present patent. This 
method includes spacing the parts to be welded so 
as to provide a gap of the order of 0.015 in. be- 
tween them, and shielding the arc and the ad ja- 
cent metal with an annular stream of inert gas 
containing more than 15% and up to about 100% 
hydrogen and fusing the metal adjacent the gap 
with the arc at a speed of 60 to 100 in./min. Such 
fused metal is then merged together and is solid- 
ified to form a weld. The process requires that the 
hydrogen is effectively discharged through the 
weld gap and not trapped in the weld. 


2,906,008-—BRAZING OF TITANIUM 
MemsBers—-Alfred L. Boegehold and 
Charles W. Vigor, Detroit, Mich., as- 
signors to General Motors Corp., De- 
troit, Mich., a Corporation of Dela- 
ware. 

The present patent covers a special assembly 


prepared by Vern L. Oldham 


Printed copies of patents 
may be obtained for 25¢ from the 
Commissioner of Patents, Washington, D. C. 


of titanium parts joined together by a central 
titanium-nickel bypereutectoid area bounded on 
either side by a titanium-nickel hypoeutectoid 
area. The joint formed is free of nickel and 
titanium eutectic. 


2,906,851--WELDING APPARATUS FOR 
Use with FLexiste Dam L 
Kitrell, Tulsa, Okla. 


Kitrell’s patent is on apparatus for welding 
joints between contiguous aligned cylindrical 
pipe sections. The apparatus includes a unitary 
assembly including a welding electrode holder 
and a presser member for pressing a flexible 
welding dam against contiguous portions of the 
pipe sections. This unitary assembly is yield- 
ably urged toward the axis of the pipe sections 


2,906,852— WELDING METHOD 
Arthur A. Cornell, Wilmington, Del., 
and John V. Dunbar, Williston, and 
James H. Ruffner, North Augusta, S. 
C., assignors, by mesne assignments, to 
the United States of America as repre- 
sented by the United States Atomic 
Energy Commission. 

In this patent, a method of joining ferrous 
metal pipes and fittings of substantially circular 
cross sections and provided at the ends with 
appropriate weld bevels is disclosed. The 
method goes to the particular speed of revolution 
of the pipes, and the angular relationship be- 
tween the electrode wire and the weld bevels. 
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CUTTING— 
Craig R. Sibley, New Providence, N. J., 
assignor to Air Reduction Co., Inc., 
New York, N. Y., a corporation of 
New York. 


The present patent is on the art of cutting a 
metal object where a wire electrode is continu- 
ously fed to an electric arc established between a 
current source connected to the wire electrode 
and the metal object. The wire is fed to the 
arc at such a rate that the wire delivers the 
current necessary to sustain the arc and still 
maintain its continuity. The rate of wire move- 
ment is such that further increase in the speed 
of feeding for a predetermined cutting rate 
provides a decrease in the current required at the 
are. 


2,906,854—-Gas - SHIELDED ARC 
Torcues— Clifford W. Hill, Mountain- 
side, and John S. Kane, Watchung, 

. J., assignors to Union Carbide 
Corp., a corporation of New York. 

An are torch including a main-electrode sup- 
port member and a combined gas-cup and pilot- 
are electrode holder is provided by the present 
patent. As one feature of the torch, an auxiliary 
electrode is adjustably supported in the torch to 
set the pilot-arc gap between the end of the 
primary electrode and the auxiliary electrode for 
the purpose of carrying a pilot arc in the gas 
discharge outlet of the torch. 


2,906,855 MacHINE--Jasper Long, 
Sturgis, Mich., assignor to Wade Elec- 
tric Products Co., Sturgis, Mich., a 
corporation of Michigan. 

The present patent is on a specialized machine 
for attaching lead wires to terminals in strip 
form. The machine includes means providing a 
guide surface for supporting a strip of terminals, a 
feed carriage, a spot welder, and a mechanism to 
operate on the terminals located in sequence 
along the guide surface. 


2,906,856—ELEcTRIC RESISTANCE- 
WELDING MACHINE WITH DEFLEC- 
TION Firinc Heaps—Boo H. Fors- 
smark, Menomonee Falls, Wis., as- 
signor to Banner Welder, Inc., Mil- 
waukee, Wis., a corporation of Wiscon- 
sin. 

The present patent relates to an electric 
welding machine having a first electrode and 
having a movably mounted welding ram carrying 
a second electrode. An electric circuit is provided 
for firing the electrodes and a firing control 
switch is provided in the circuit. Special means 
are provided for controlling this firing control 
switch. 


2,906,857—-GAS-SHIELDED ARC CLEAN- 
1InG—Ontario H. Nestor, Kenmore, 
N. Y., assignor to Union Carbide Corp., 
a corporation of New York. 


Nestor’s patent relates to a method of gas- 
shielded arc cleaning using a nonconsumable 
electrode that is connected to a source of cleaning 
current and wherein an arc is struck between the 
electrode and the cleaning zone on a metal work- 
piece. The method is characterized by employing 
a high-current reverse-polarity cleaning current 
having a continuous cleaning action on the 
cleaning zone. A shielding gas is also supplied to 
the arc providing the cleaning action. 


2,906,858--LIQUID-VORTEX ARC- 
Torcu Process—Harold S. Morton, 
Jr., Oak Ridge, Tenn., assignor to 
Union Carbide Corp., a corporation of 
New York 


Morton's patent relates to the establishment of 
a high-pressure high-current arc between a 
nonconsumable inner electrode and another 
electrode and includes the step of passing an 
annular stream of gas along the electrode to 
shield it and form part of the arc-gas effluent. 
A liquid vortex is maintained surrounding the 
arc to constrict and stabilize it, the stabilized 
arc and shielding gas passing down through the 
center of such liquid vortex. The vortex extends 
beyond the point of stabilization and becomes a 
part of the effluent. 


2,906,859—-METHOD AND APPARATUS 
FOR ELECTRIC-ARC WELDING—Richard 
B. Steele, Scottsdale, Ariz. assignor to 
Air Reduction Co., Inc., New York, 
N. Y., a corporation of New York. 


The present patent is on a method of electric- 
arc welding wherein an electrode is advanced into 
electrical contact with the work to be welded and 
then substantially simultaneously thereafter the 
electrode is withdrawn to establish an arc gap 
with the workpiece. In the process after the 
arc has been established, the high-frequency 
voltage supply is interrupted and relative motion 
between the electrode and work, in a direction 
generally parallel to the surface of the work, is 
provided to effect the weld. 


2,906,860 —MULTIPLE-ARC WELDING 
Richard B. Steele, Scottsdale, Ariz., 
assignor to Air Reduction Co., Inc., 
New York, N. Y., a corporation of 
New York. 


This patent relates to the starting of two series- 
connected, high-current-density, self-regulating 
electric welding arcs formed between two consum- 
able electrode wires and a common workpiece. 
Ifitially both of the wires are fed toward the 
workpiece until the first of the wires makes a 
light electric contact with the workpiece and 
then the feed of such wire is interrupted. The 
second wire is continually fed toward the work- 
piece until it makes a light electric contact with 
the workpiece and thereafter its feed is stopped. 
The feed of each one of the wires is independently 
resumed when an arc is formed between that 
particular electrode and the workpiece 


2,906,861—-MULTIPLE-ARC WELDING — 
Alexander Lesnewich, New Providence, 
N. J., assignor to Air Reduction Co., 
Inc., New York, N. Y., a corporation of 
New York. 


This patent also relates to a method of electric- 
arc welding in which two series connected welding 
arcs are maintained between separate electrodes 
and a common workpiece. In this method, the 
common source of welding current has like 
components of voltage connected at an inter- 
mediate terminal so that the polarities of the 
source are cumulative, and the common work- 
piece is electrically connected to the intermediate 
terminal of the source of welding current so that 
the arcs can be independently started by current 
supplied by the components of voltage of the 
common source of welding current. 


2,907,864--WELDING oF STEEL—Gil- 
bert R. Rothschild, Somerville, and 
Harold R. Lyons, Short Hills, N. J., 
assignors to Air Reduction Co., Inc., 
New York, N. Y., a corporation of 
New York. 


This patent is on a method of welding a steel 
workpiece which contains an appreciable quantity 
of oxygen. The method includes establishing a 
welding arc between a bare electrode of specified 
composition and the workpiece and where the 
arc is blanketed by a stream of shielding gas 
containing an inert gas and an oxygen source to 
provide a small quantity of oxygen to the weld. 
As the electrode is advanced to maintain the arc, 
metal is transferred from the electrode to the 
workpiece, the transfer of metal being effected as a 
metal spray. 


2,907,865—-ELEcTRIC-ARC WELDING 

Glenn J. Gibson, Berkeley Heights, and 

Harold R. Lyons, Short Hills, N. J., 

assignors to Air Reduction Co., Inc., 

sad York, N. Y., a corporation of New 
ork. 


In this patent, a method of electric-arc welding 
is disclosed and includes the step of forming the 
weld action in a flowing stream of carbon dioxide. 
The wire electrode contains at least 0.25% by 
weight silicon, and the welding current is supplied 
to the arc at a current density so correlated in 
relation to the feed speed of the electrode as to 
cause the welding arc to be buried, without 
short circuiting, substantially wholly below the 
surface of the workpiece but with not more 
than '/i¢ in. of the arc length above the surface 
of the workpiece. 
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News Letter 


New literature for users of air car- 
bon-are torches is available in the 
form of a special quarterly publica- 
tion called the “‘Arcair news.” It is 
designed to keep users abreast of 
applications, developments and new 
product innovations. Each issue 


Atcair 


contains case studies and other in- 
formation to illustrate the range of 
industrial duties performed with 
these torches made by Arcair Co., 
Lancaster, Ohio. 

Companies using. or contem- 
plating the use of Arcair equipment 
are invited to apply. 

For your free copy, circle No. 51 
on Reader Information card. 


Electrode Pocket Guide 


New products and new engi- 
neering data have been added to the 
most recent edition of ‘Electrode 
Pocket Guide,” issued by Air Re- 
duction Sales Co., 150 E. 42nd St., 
New York 17, N. Y. The 64-page 
booklet contains complete informa- 
tion on all types of electrodes avail- 
able from Airco. Under each elec- 


trode listed, a brief description is 
given together with applications, 
procedures and _ pertinent AWS- 
ASTM data. Two 8-page foldouts 
at the rear of the book contain charts 
of recommended Airco electrodes for 
welding ASTM and trade name steel 
and comparison tables for mild steel 
and hard-surfacing electrodes of 
leading manufacturers. 

Electrodes are listed in order by 
AWS classification number. 

For your free copy, circle No. 52 
on Reader Information Card. 


Design Manual for 
Structural Welding 


The sixth edition of the ‘‘Saxe 
Manual for Structural Welding 
Practice’’ has been issued by Saxe 
Welded Connections, 1701 St. Paul 
St., Baltimore 2, Md. This 68- 
page, looseleaf booklet (8' »x 11 in. 
indexed, compiles a_ considerable 
amount of existing basic data on 
welded structural design and fea- 
tures the use of Saxe seats and clips 
for the alignment, fairing and sup- 
port of structural members and steel 
plates. 

The first half of the manual covers 
theory. general design procedures, 
standards and cost comparisons of 
welded vs. riveted designs. The 
second half uses numerous tables, 
photographs, calculations and hun- 
dreds of detail sketches to illustrate 
a variety of particular joint designs, 
truss and girder constructions and 
steel plate fit-up. 

For your free copy, circle No. 53 
on Reader Information Card. 


Design Ideas 


Published periodically by Lin- 
coln Electric Co., Cleveland 17 
Ohio, “Design Ideas” are available 
free to engineers, shop supervisors 
and executives. These short re- 
views cover the essential details of 
products which have been success- 
fully redesigned for welding with the 
purpose of reducing cost and im- 
proving efficiency. Further illus- 
trative material is furnished on re- 
quest. Bulletin No. 24 describes 
the redesign of an automatic hori- 
zontal bandsaw and lists the dollar 
savings realized. 

For your free copy, circle No. 54 
on Reader Information Card. 


Brazing News 


A 4-page folder, ““Brazing News 
No. 82,” issued by Handy & Har- 
man, 82 Fulton St., New York 38, 
N. Y., describes large and small 
product applications for silver braz- 
ing where high reliability is a must. 
The back cover gives details of 
valuable silver-brazing correspond- 
ence course offered at a nominal fee. 

For your free copy, circle No. 55 
on Reader Information Card. 


Successful Welding Case 
Histories Reported 


An 8-page folder, bulletin No. 
A-1, describing successful applica- 
tions of welding electrodes and 
wires has been issued by the McKay 
Co., 1005 Liberty Ave., Pittsburgh 


One application is the construc- 
tion of a dip-stick for a crane which 
assumed extra-heavy duty in quar- 
rying operations. A second appli- 
cation deals with the welding of cus- 
tom steel castings in which the weld- 
ments had to match the chemical 
composition and physical perform- 
ance of the various steels used. 
A third application describes how 
one manufacturer of drag-line buck- 
ets cut his production costs by 
adopting semiautomatic welding. 

For your free copy, circle No. 56 
on Reader Information Card. 


Water-cooled Torches 


A 4-page folder showing details 
of the Visuweld torch for inert-gas 
tungsten-arc welding and a number 
of sales bulletins and price sheets 
are available from Tec Torch Co., 
Inc., 300 Paterson Ave., Carlstadt, 
N. J. These torches feature light- 
weight, simple parts replacement, 
air or water cooling and transparent 
nozzles made of high-heat resistant 
quartz, Pyrex or Vycor. 

For your free copy, circle No. 57 
on Reader Information Card. 
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Chart Shows X-ray Methods 


A 1l1'/; by 22-in. wall chart, 
showing 10 basic X-ray techniques 
used today for industrial quality 
control and scientific research, is 
available from Philips Electronic 
Instruments, 750 S. Fulton Avenue, 
Mount Vernon, N. Y. 

The chart shows a _ simplified 
diagram for each one of the tech- 
niques with explanatory notes and a 
brief discussion of the fields of 
application. 

For your free copy, circle No. 58 
on Reader Information Card. 


Welding Helmet Catalog 


A four-page illustrated catalog 
featuring its line of fiber-glass 
welding helmets has been announced 
by Sellstrom Manufacturing Co., 
Palatine, Il. Bulletin 35-H de- 
scribes that firm’s new nylon lift- 
front and stationary-plate retainers 
and its new ratchet headgear. Also 
included is complete information on 
replacement plates for these hel- 
mets. 

For your free copy, circle No. 59 
on Reader Information Card. 


FOR 
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INA. 


CONTROLLED 
ATMOSPHERE 


BOX 


Designs and specifications are avail- 
able for a variety of welding enclo- 
sures for research aad production 
welding, and for work in the fields of 
metallurgy and physical chemistry. 
These enclosures can be fully evacu- 
ated and then be filled with an inert 
gas for welding in an inert atmosphere. 
Write for Technical Bulletins on vari- 
ous types of welding enclosures: 
S. Blickman, Inc., 3003 Gregory Ave- 
nue, Weehawken, N. J. 


BLICKMAN 
LABORATORY EQUIPMENT 


Look for this symbol of quality Bion 


For details, circle No. 32 on Reader information Card 
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Metal-powder Spray Gun 


To demonstrate its new ‘Powder 
Jet”? pressurized metal-spray guns, 
Metallizing Co. of America, Inc., 
3520 W. Carroll Ave., Chicago 24, 
Ill., has prepared an_ illustrated 
brochure which gives complete in- 


formation on the various industrial 
applications, such as metal build-up, 
repair and salvage of parts and 
equipment and ceramic coating. 

For your free copy, circle No. 60 
on Reader Information Card. 


Welding Screen 


A five-page circular issued by the 
Singer Glove Mfg. Co. features a 
new portable welding screen that 
encloses the job on all four sides. 
Curtain materials include duck, 
neoprene-coated fiber glass and a 
new material for this purpose— 
Johns-Manville aluminized asbestos. 
Slip-joint construction affords quick 
assembly. 

For your free copy, circle No. 61 
on Reader Information Card. 


Inspection of Welded Bridges 


Air Reduction Sales Co., 150 E. 
42nd St., New York 17, N. Y., has 
issued an 8-page reprint of an 
article entitled “‘A guide for In- 
spection Methods for Welded High- 
way Bridges,”’ by La Motte Grover, 
welding engineer. The article ap- 
peared originally in Roads & Streets 
magazine, and it describes the 
scope and content of the Highway 
Research Board’s forthcoming pub- 
lication on the same subject. 

The brochure will acquaint state 
highway bridge and construction 
engineers, railway-bridge engineers 
and county and municipal engineers 
with developments in the field of 
welded bridge construction and the 
recommendations of the AMERICAN 
WELDING Soctety for work in field 
inspection. 

For your free copy, circle No. 62 
on Reader Information Card. 


Thawing Frozen Water Pipes 


“Pipe Thawing with Miller” is the 
title of a timely, interesting, 4-page 
folder recently issued by Miller 
Electric Mfg. Co., Inc., Appleton, 
Wis. Line drawings illustrate the 
instructions for thawing water pipes 
are somewhat detailed, including 
ampere settings, recommended ca- 
ble sizes, etc. 

For your free copy, circle No. 63 
on Reader Information Card. 


Brazing Alloys 


A four-page folder describing the 
physical properties of several braz- 
ing alloys, silver solders and fluxes 
is offered by American Brazing 
Alloys Corp., P. O. Box 11, Pelham, 

For your free copy, circle No. 64 
on Reader Information Card. 


Generator Uses 2-in Carbide 


A four-page brochure issued by 
the Sight Feed Generator Co., 
West Alexandria, Ohio, describes 
the construction, operation and 
capacity data regarding the new 
ATX model acetylene generators 
which can use “run of crusher” 
carbide as well as smaller sizes. 
Savings are said to result from a 
better yield of acetylene and from 
the lower cost of the carbide. 

For your free copy, circle No. 65 
on Reader Information Card. 


Forming Equipment 


A 12-page bulletin, in color, 
illustrates and describes’ the 
Warco line of two and four point 
eccentric gear presses in capacities 
from 100 to 1500 tons. 

For your free copy, circle No. 66 
on Reader Information Card. 


Portable Welding Machine 


A brochure, G-59, issued by the 
Federal Machine and Welder Co., 
Warren, Ohio, illustrates and de- 
scribes their line of portable resist- 
ance-welding machines available 
for the metalworking industry. 

For your free copy, circle No. 67 
on Reader Information Card. 


Liquid-Gas Equivalents 


A handy wall chart, 8',, x 11 in., 
which shows at a glance gaseous 
equivalents of 1-5000 gal. of liquid 
oxygen, nitrogen and argon, and the 
approximately equivalent number 
of high-pressure cylinders, is offered 
by Cryogenic Division, Ronan & 
Kunzl, Inc., Marshall, Mich. 

For your free copy, circle No. 68 
on Reader Information Card. 
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TEMPILSTIKS® provide a simple and accurate means of determining 


preheating and stress relieving temperatures in welding operations. 


Tempilstiks’ are widely used as a standard method of checking temperatures 
as well as in hundreds of other heat-dependent processes 


in all heat treating 
$2.00 each. 


in industry. Available in 80 different temperature ratings...... 
Most leading welding supply houses carry Tempilstiks’. If yours is an exception, 
then write direct to us for further information. 


270 
Tempil CORPORATION © 132 West 22nd St, New York 11, N. Y. 


Visit our booth 407—Great Western Exhibit Center—tLos Angeles, Colif., Apr. 26-28. 
For details, circle No. 33 on Reader Information Card 
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Aluminizing Process 


A furnace-bond aluminizing proc- 
ess developed especially for high- 
temperature service applications has 
been announced by the Stainless 
Processing Division, Wall Colmonoy 
Corp., 19345 John R St., Detroit 3, 
Mich., which recommends it for 
application on any series 400 stain- 
less steels, all carbon steels and a 
variety of alloy steels. It also may 
be used with austenitic stainless 
steels. 


The aluminum coating is applied 
cold by means of mechanical spray 
equipment. It is furnace-bonded to 
the base metal at high temperatures 
in a controlled atmosphere; the fur- 
nace-bond method is said to achieve 
a desirable diffused alloy bond and 
also provides the coating with su- 
perior properties of oxidation, cor- 
rosion, abrasion and erosion re- 
sistance. Total build-up is held 
within the tight range of 0.002 to 
0.005 in. 

For details, circle No. 101 on 
Reader Information Card. 


180-amp Welding Machine 


The low cost of the new 180-amp 
welding machine announced by the 


Lincoln Electric Co., Cleveland, 
Ohio, is said to make it practical for 
even the smallest shops to do on- 
the-spot welding and eliminate the 
wasted travel and waiting time of 
outside repairs. 

Electrodes from the smallest to 
*/\-in. size can be used to weld 
materials from 20 gage to '/. in. or 
thicker plate. The machine has 
stable-arc characteristics and will 
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weld mild steel, low-alloy steel and 
18-8 type stainless steels, opera- 
ting on 220-v single-phase power 
supply. 

For details, circle No. 102 on 
Reader Information Card. 


Spot Welding Aided by 
Voltage-drop Control 


A completely new approach to the 
problem of bad welds in spot 
welding is announced by Instrument 
Control Co., 1554 Nicollet Ave., 
Minneapolis 3, Minn. 

In any installation of spot-welding 
machines, where the machines are 
firing at random, occasional over- 
lapping of firing is bound to occur. 
When this happens voltage drop in 
the power system can become 
excessive. Then bad welds result. 
In such a condition of excessive 
voltage drop, the cost of the welding 
operation increases because of nec- 
essary rejects and repair work. 

This is the situation which the 
new automatic welding-machine 
load control is designed to correct. 

For details, circle No. 103 on 
Reader Information Card. 


Nickel-silver Welding Rod 


A nickel-silver gas welding rod, 
Airco No. 21, is being marketed by 
Air Reduction Sales Co., 150 E. 
42nd St., New York 17, N. Y. 
Capable of joining fourteen different 
metals, it reportedly can be used 
to replace many conventional bronze, 
steel and cast-iron welding rods in 


production and maintenance torch 
applications where the base metal 
may be heated to 1750° F. Rods 
are available in 36-in. lengths in 

16 3/32 '/s, and '/,-in. diam, 
packaged in 10-lb boxes. 

For details, circle No. 104 on 
Reader Information Card. 


Portable Welding Outfit 


A low-cost M&T Murex a-c arc- 
welding outfit has been announced 
by Metal & Thermit Corp., Rah- 
way, N. J. It is designed for 
auto repair, farm, industrial main- 
tenance and home workshop re- 


quirements—-welding metal up to 
in. thick. Electrodes from 
to ', in. are accommodated. The 
unit model M9T weighs 40 lb, and 
operates from a 110- or 220-v d-c 
source, and has a welding current 
range of 20-95 amp. 

For details, circle No. 
Reader Information Card. 
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High-Amperage Contactor 


The Arcair Model ‘‘A’”’ Contactor 
is a special control unit for use with 
the Automatic Arcair torch and also 
for welding equipment. 

Its purpose is to interrupt high- 
amperage secondary currents, for 
safety of both personnel and equip- 
ment. The complete unit, ready to 
be wired into a circuit weighs a little 
more than 40 lb and measures 8' '» x 
10 x 20 in. 

Though rated at 600 amp, this 
contactor has performed satisfac- 
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torily under much higher loads, NEW NEW NEW NEW 


according to Arcair Co., P. O. Box 
431, Lancaster, Ohio. 


is offered by J. B. Nottingham & 


For details, circle No. 106 on 
Reader Information Card. WH E N IT 
Co., Inc., 441 Lexington -Ave., 
New York 17, N. Y. It will hold 


Air-cooled Electrode Holder 
(9 d 
electrodes through *,, in. diam and 


An air-cooled electrode holder 
is rated 600 amp at 40 v and 60°; you know the temperature! 


for heavy-duty metal-arc welding 
duty cycle. 


5 
t 


with 


THERMOMELT =} ::.: 


adjustable 
holder 


The air-cooled unit is said to 
permit welding a full shift without 
changing holders, and to eliminate 
the hazards and complications of 
water cooling. 

For details, circle No. 107 on 
Reader Information Card. 


CO 


THERMOMELT 


Controlled-atmosphere Welding 

Designed for welding semicon- 
ductors and other small electronic e 
parts under controlled-atmosphere 
conditions, the Precision C-type . 
magnetic-force welding gun fits the fo determine 
standard dry boxes. It is said to ' 
be the first standard resistance exact working temperatures! 
welding unit to be made specifically 
for this purpose. 

All air, water and electrical supply Just mark or stroke the surface with THERMOMELT . - 
lines are carried to the electrodes when it reaches the desired temperature, the mark liquefies. 
inside a hollow C-frame. This de- There’s no guesswork, no wasted time or material... 

, sign leaves a minimum of area for 


THERMOMELT is the quick, precise way to determine 
heating temperatures. Accurate to within +1%. 


A STIK FOR EVERY TEMPERATURE from 113°F. to 2000 


ALSO AVAILABLE IN AND 


or hard-to-measu applications. Wide range of peratures 


Send today for free THERMOMELT literature and pellet 
sample (indicate temperature desired). 


MADE BY THE MANUFACTURERS OF MARKAL PAINTSTIK MARKERS 
AND PROTECTIVE COATINGS 


MARKAL COMPA NY... West Carroll Avenue, Chicago 12, Illinois 


For details, circle No. 39 on Reader Information Card 
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sealing and gives a maximum of 
clearance around the welding area. 

A popular size of C-type mag- 
netic-force welding unit manu- 
factured by Precision Welder and 
Flexopress Corp., Cincinnati, de- 
velops 2200-lb weld pressure and 
accommodates transistor assemblies 
having a ring projection diameter up 
to approximately 1.250 in. Pre- 
cision also manufactures other sizes. 

For details, circle No. 108 on 
Reader Information Card. 


Magnetic-force Welding Machine 


Acro Welder Mfg. Co., 1719 W. 
St. Paul Ave., Milwaukee 3, Wis., 
has announced a magnetic-force 
welding machine for making full area 
percussion welds. The unit, while 
specifically designed for welding 
silver-alloy relay contacts in motor 
starters, can be adapted to many 
operations that require joining non- 
ferrous metals, according to the 
manufacturer. 

Designated as Acro-Magnetic 
model APPAMFP-1-100-12, the 
unit is a 100-kva magnetic-force 
projection and spot-welding machine 
with a-c holding-coil delayed forge, 
diaphragm safety head and selective 


microswitch firing features. This 
machining is tooled with a sound 
baffle cage and fume exhaust sys- 
tem. 

For details, circle No. 109 on 
Reader Information Card. 


Torch and Feed Control 


A Dual Shield arc-welding control 
with wire drive, and a Dual Shield 
arc-welding torch have been intro- 
duced by National Cylinder Gas 
Division of Chemetron Corp., 840 
N. Michigan Ave., Chicago 11, IIL., 
which produces the Dual Shield 


no matter what the two metals are... 


ALL-STATE has a solder for joining any 


other... 
tables below: 
400° F-500°F 
Al. Copper Brass 


S.S. Nickel 


Reference numbers above indicate All-State solder to be used for joining metals. 


line. 


‘ VISIT OUR BOOTH 501 AT THE WELDING SHOW 


PROBLEM: 

Joining copper pipes in extremely 
hard water area. Lead solders made 
porous joints. Heat required for 
high temperature solders burned 
copper pipes. 


SOLUTION: ‘ 
All-State’s +430, a silver-bearing 
solder which flows at 430F, made 
perfect, permanent joints, solved 
the problem. 


commercial metal or alloy to any 


in one or more temperature ranges. For typical examples, see 


700° F-800°F 
Al. Copper Brass 


56 
105 
105 
105 
105 
105 


S.S. Nickel 


A set of four complete tables, covering temperature ranges from 400F to 
800F, is yours for the asking. Send for free Instruction Manual, too. 


Distributor-Stocked, convenient to buy. Economical tu use. 


ae; ALL-STATE WELDING ALLOYS CO., INC., White Plains, N. Y. 


Call WHite Plains 8-4646 or write for nearest distributor 


For details, circle No. 34 on Reader Information Card 
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Both are designed for consumable- 
electrode welding processes using 
shielding gases such as argon, helium 
or carbon dioxide in making hori- 
zontal fillets and flat position welds. 

The new units, designated as the 
WC-1 welding control and the AM-1 
torch, can be used with d-c welding 
current and may be used in Dual 
Shield or in other semiautomatic 
welding _ processes. The skid- 
mounted WC-1 control is said to be 
highly portable because of its 55-lb 
weight and rugged design. A con- 
trol motor for the wire drive has a 
wire feed rate of from 55 to 500 ipm 
for to wire. 

For details, circle No. 110 on 
Reader Information Card. 


Diesel Drives Combination Unit 


Miller Electric Mfg. Co., Inc., 
Appleton, Wis., announces that a 
Hercules 38 hp, 3-cylinder, direct- 
injection diesel engine drives their 
new DD-250-L d-c welding machine 
or a-c power plant. 


Performance details include, two 
d-c welding ranges: 50-200 amp., 
150-350 amp, 100% duty cycle. 
Rated output: 250-amp dec at 40 v, 
100% duty cycle. Maximum open- 
circuit voltage: 65 v. Current 
adjustment steps: infinite. Power: 
12 kw, 115-230-v single phase, 
60-cycle ac. Up to 6.5 kw ac while 
welding. 1 kw, 115-v auxiliary 
d-c power while welding 

For details, circle No. 111 on 
Reader Information Card. 
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here is an outfit 
which will make 
you proud to 
owmit . 


With a most acceptable price tag goes 
the very highest quality and safety your 
money can buy... 


only 


By all means — look at other “pack- 
age” outfits first to make you the more 
certain that this one is the best for you. 


here’s why this combination welding and flame cutting 


outfit is actually the very finest your money can buy... 


This new outfit, the Five Star Pak, was de- 
signed particularly for the smaller shop, for 
farm use, garages, the hobbyist. or any one 
whose welding and cutting operations are 
diversified and more limited in scope and 


metal thicknesses... 


An economy outfit can be economical only if 
it will perform well and for many satisfying 
years to come. If it fails to meet highest 
standards, it ceases to merit all considera- 


tion... 


Extendable? By all means. This Five Star 


Pak is amazingly versatile. It may be ex- 


tended as the needs expand. Larger or smaller 
nozzles or tips fit the torches as do multiple 
flame nozzles so convenient for many brazing 
operations. The cutting attachment, for in- 
stance, may cut easily up to four inches of 


steel thickness. 


You can buy with confidence from a company 
which has been in the business of making fine 


equipment for nearly fifty years. 


WRITE FOR THE ILLUSTRATED FOLDER +17 


which gives you all of the information you 


ought to consider... 


NA welding equipment company... 


552 DEPT 


218 fremont street san francisco 5 california 


For details, circle No. 35 on Reader information Card 
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Setup Measures Primary Circuit 


Instrumentation for measuring 
and recording current and voltage 
on the primary side of resistance- 
welding machines is offered by Con- 
trol Devices, Inc., 925 S. Eton Rd., 
Birmingham, Mich. The appara- 
tus consists of a split-core toroidal 
coil, a current transformer, a poten- 
tial transformer and a dual-channel 
magnetic oscillograph. Because all 
of the components are integrated in 
design and calibrated for the job, no 
amplifier or other equipment is re- 
quired, according to this manufac- 
turer. 


In use, the toroidal coil is clamped 
around an incoming power line on 
the primary side of the welding 
transformer and two posts of the 
potential transformer are connected 
across the welding transformer’s 
primary winding. The apparatus 
records the magnitude of current, 
voltage and cycles, and also shows 
the phase. Secondary (welding) 
current and voltages can be calcu- 
lated by multiplying the primary 
current and dividing the primary 
voltage by the “‘turns ratio”’ of the 
welding transformer. 

For details, circle No. 112 on 
Reader Information Card. 


Acetylene Cylinder Valve 


Bastian-Blessing, 4201 W. Peter- 
son Ave., Chicago 46, IIl., has just 
announced a valve for use on acety- 
lene cylinders containing 10 cu ft of 
gas or less. Featuring a_ case- 
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hardened stem, leakproof cylinder 
connection, a fusible-plug safety 
device in a protected location, each 
valve is date stamped. The Rego 
model 7321 cylinder valve has a 
rugged forged brass body with ° /s-in. 
NGT inlet and CGA 201 outlet 
connections. 

For details, circle No. 113 on 
Reader Information Card. 


Ceramic Bushings 


High-temperature ceramic bush- 
ings capable of withstanding 2000° 
F continuous operating tempera- 
tures, are reported available in a 
wide range of sizes held to fine toler- 
ances, from Duramic Products, Inc. 
426 Commercial Ave., Palisades 
Park, N. J. 


The bushings, available in diame- 
ters ranging from 12 in. OD down 
to 0.028 in. diam, are used in elec- 
trical insulators, spot-welding loca- 
tors, furnace-brazing jigs, welding 
nozzles and induction-heating loca- 
tors. 

For details, circle No. 
Reader Information Card. 
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Automated Strip-welding Machine 


An automated strip welding ma- 
chine that uses mash seam welding 
to eliminate a major strip mill head- 
ache—joint separation—has been 
developed by National Electric 
Welding Machines Co., 1846 Trum- 
bull, Bay City, Mich. 

Designed for versatility, the 


machine joins normal strip mill 
combinations of sheet width and 
thickness on an ‘‘as-come’’ basis, 


Use 
Reader Information Card 
Page 293 


and operates with equal efficiency on 
both tin-plate recoil and inspection 
lines and annealing and galvanizing 
lines. 

The unit is gaited to a fast con- 
tinuous strip line with a welding 
speed of 30 fpm in a 30-second cycle. 
A 150-kva welding transformer pro- 
vides the necessary current. The 
upper welding roll meets the work 
under 2200 lb of weld force from a 
6-in. air cylinder operating at a 
pressure of 80 psi. 

For details, circle No. 115 on 
Reader Information Card. 


Portable Welding Machine 


A low-cost, 68-lb, portable, 180- 
amp welding machine with guaran- 
teed high output is now being manu- 


factured by Emerson Electric Mfg. 
Co., 8100 Florissant Ave., St. Louis 
36, Mo. 

Light and compact in size—only 
213/,x 14',/,x 10 in—which makes it 
easy to handle, the new Portare 180 
welding machine is_ particularly 
useful for fast in-the-field farm 
welding, brazing, soldering and heat- 
ing jobs and the on-the-move re- 
quirements of contractors. Its low 
operating cost and versatility is said 
to make it especially suitable for use 
in schools and small shops. 

The machine has a guaranteed 
output (78 open circuit voltage with 
75% power factor) that gives 
ultimate performance from six con- 
veniently located 60- through 180- 
amp heat taps. 

For details, circle No. 116 on 
Reader Information Card. 
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Automatic CO.-welding Machine 


CP C-OMatic, a new CO, auto- 
matic welding equipment package 
introduced by the Welding Pro- 
ducts Division, A. O. Smith Corp., 
Milwaukee, Wis., is designed for 
high-speed production. The manu- 


facturer states that this unit pro- 
vides high-quality weld metal, high- 
deposition rates, deep penetration, 
low-hydrogen weld metal, 
arc and no slag removal. 


visible 
Basic 


components consist of a 600-amp 
constant-potential power source; 
electronic control panel; automatic 
welding head; a heavy-duty water- 
cooled nozzle with external shielding 
for heavy production use; three- 
position mount; and an attached 
reel mount for holding spooled or 
coiled wire. Close control of con- 
tinuous wire speeds from 55 to 
1200 ipm are said to be possible. 

For details circle No. 117 on 
Reader Information Card. 


Plasma-flame Spray Gun 


A spray gun utilizing the plasma- 
arc principle develops normal work 
temperatures of 10,000 to 15,000° F 
and will spray any material that will 
melt without decomposing. De- 
signed for push-button operation in 
the user’s own plant, the Metco 
plasma-flame spray gun provides a 
practical means of applying coatings 
of high melting-point carbides, ox- 
ides and borides. 

Operating on inexpensive gases 
such as nitrogen and hydrogen, the 
cost of generating the heat is about 


half that of an oxyacetylene flame, 
according to Metallizing Engineer- 


ing Co., Inc., Westbury, Long 
Island, N. Y. 
For details, circle No. 118 on 


Reader Information Card. 


Rosin-type Paste Solder 


A paste solder alloy—Fusion AR 
series—containing an activated rosin 
flux has been developed by Fusion 
Engineering, 17921 Roseland Ave., 
Cleveland 12, Ohio. This flux was 
specifically developed for electronic 
component soldering where abso- 
lutely neutral rosin-type fluxes are 
too inactive, yet where nonconduc- 
tive, noncorrosive residues are speci- 
fied. Soldering time is said to be 
reduced as much as 250°. 

For details, circle No. 
Reader Information Card. 
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Safety Regulator 


A regulator with new safety fea- 
tures is now being marketed by Smith 
Welding Equipment Corp. of 2633 
Fourth St., S. E., Minneapolis 14, 
Minn. Known as the Saf-T-Pak 
Regulator, it eliminates three of the 
most common dangers of regulator 
misuse. 


A ‘“‘Hard-hat”’ encloses the ordi- 
narily exposed gages, protecting 
them from exterior abuse. The 
**Flo-trol’’ on the down stream side 
prevents reverse flow and mixture of 
gases. A _ special inlet connector 
permits quick repair of damaged 
connections. 

For details, circle No. 
Reader Information Card. 
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Soldering Paste 


The nonacid Amco C-Flux paste 
that cleans and fluxes without pre- 
cleaning is now being packaged in 
easy-to-use plastic containers by the 
American Solder and Flux Co., 19th 
and Willard St. Philadelphia 36, Pa. 

These plastic containers are pack- 
aged 24 in a setup box, easily ar- 
ranged for an attractive display. 

For details, circle No. 121 on 
Reader Information Card. 


Portable Welding Screen 


A portable welding screen made of 
l-in. tubular steel with slip-joint 
construction, that eliminates threads 
and makes assembly a quick job, is 
made by Special Products Div., 
Singer Glove Mfg. Co., 860 W. Weed 


St., Chicago 22, Ill. The curtain ma- 
terial is Johns-Manville aluminized 
asbestos—aluminum (foil perma- 
nently laminated to Underwriters- 
Grade asbestos cloth. The screen 
reportedly will withstand up to 
1400° F and a 4 ft section weighs 
only 35 Ib. 

For details, circle No. 122 on 
Reader Information Card. 


Electronic Force Gage 


An electronic force gage intro- 
duced by Control Devices, Inc., 
925 S. Eton, Birmingham, Mich., is 
said to measure the pressure exerted 
by the electrodes of resistance 
welding machines with a high de- 
gree of accuracy. The unit is self- 
contained, with a_ transistorized 
amplifier and its own power supply 


in the form of two small, replaceable 


dry-cell batteries. Panel controls 
are provided for checking the bat- 
teries and for calibration. 

Batteries, amplifier, controls and 
meter are all contained in a 7'/.-lb 
case with carrying handle. An 8- 
ft cable connects the amplifier with 
a transducer unit which is hand held 
between the jaws of the welding 
machine while the welding current 
is turned off. 

For details, circle No. 
Reader Information Card. 
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Business is booming 
at R & R Tank Company! 
And now profits are rolling in. 


Six months ago, welding costs 

were twenty-five to thirty percent higher. 
And the profit squeeze was tight. 

But no longer! 


New production methods 
and faster, superior equipment 
and electrodes turned the tide. 


““How did we accomplish this? 

The easiest way possible’, says 

Mr. Floyd Reinhardt, R & R’s president. 
“We called in the man who 

knows most about welding procedures— 
the Lincoln Welding Engineer. 


“He suggested some easy changes 
which were routine to him, I guess, 
but they were news to us.” 


RESULTS: A change in fabricating sequence 

plus a switch to “‘Jetweld 1’’, iron-powder electrodes 
saved 25% through faster welding and easier cleaning. 
The three new ‘“‘Lincolnweld’’ automatics 

increased production and cut the 

automatic welding costs by 30% . 


Do you want to save time and money 
on your welding operations? 
Call your Lincoln Welding Engineer today! 


HINCOLN 


THE LINCOLN ELECTRIC COMPANY 


Dept. 1530 + Cleveland 17, Ohio 
The World’s Largest Manufacturer of Arc Welding Equipment 


For details, circle No. 36 on Reader information Card 
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Now, with just one postcard, you can gather 
all the literature offered in the Journal. 
Just follow these simple steps for quick action: 
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Spot Welding of Carbon Steel 


Interpretive report sponsored by the Welding Research Council 
brings together, in a concise manner, all available data 
and information on spot welding of carbon steel 


BY |. W. JOHNSON 


SUMMARY. Metallurgically, spot weld- 
ing differs from other welding processes 
primarily because of the greater 
speed in reaching welding temperature 
and the very rapid cooling of the weld 
and adjacent heat-affected zone. Low- 
carbon steel presents no difficult metal- 
lurgical problems. However, an in- 
crease of carbon content into the 
medium-carbon range necessitates post- 
heat treatment. Electronic controls 
are available that permit a postheat 
treatment in the spot-welding machine. 

Tensile-shear strength varies directly 
with the diameter of the spot weld at 
the interface. It can be calculated 
roughly, based on the area at the inter- 
face and the strength of the material 
in the annealed state. Fatigue strength 
of spot welds is inherently low. This is 
a mechanical phenomenon and not a 
metallurgical change due to the weld- 
ing heat. Fatigue failures initiate at 
the interface and are not visible on an 
assembly until complete failure is about 
to occur. 

The important design factors are: 


creased strength, more inconsistencies 
and increased internal defects. It is 
more economical to make the highest 
quality weld than one of poor quality. 

There are no known nondestructive 
tests for spot welds that are totally 
reliable. Of the several destructive 
tests, the peel test offers the simplest, 
easiest to execute, and most effective 
single test. 

Coated steels such as galvanized, 
cadmium and tin plate, aluminized 
steel may be spot welded with varying 
degrees of difficulty. 


Introduction 


Carbon steels are the steels which 
owe their properties chiefly to the 
presence of varying percentages of 
carbon without substantial additions 
of other alloying elements. They 
are commonly designated as low- 
carbon steel, medium-carbon steel 


and high-carbon steel. In general, 
low-carbon or mild steel contains 
0.30% or less carbon, medium- 
carbon steels contain 0.30% to 
0.45% carbon and high-carbon steel 
contains more than 0.45% carbon. 
The carbon content dividing point 
between low- and medium-carbon 
steels varies in different areas of 
usage. Where resistance welding 
and its inherent rapid heating and 
cooling is involved, 0.20% carbon 
is usually considered the dividing 
point. Table 1 lists the low- and 
medium-carbon steels and _ their 
mechanical properties. 

Spot welding is defined’ as a re- 
sistance-welding process wherein co- 
alescence is produced by the heat 
obtained from resistance to the flow 
of electric current through the work 
parts held together under pressure 


Table 1—Average Mechanical Properties of Carbon Steels Based on 1-in. Round Bars 


overlap, spot spacing, spot strength SAE Tensile strength Yield strength Brinell hardness 
and accessibility. Rules of thumb no HR* CD* HR CD HR CD 
may be used for approximations. ; , 

uniform surface conditions and im- 1020 55. 000 61.000 30 000 51 000 a 121 
1025 58,000 64,000 32,000 54,000 116 126 
mum welding procedures are necessary 1030 68 000 76 000 37 500 64000 137 149 
for highest quality welds. Deviations 1035 72.000 30 000 39 500 67 000 143 163 
from the optimum will result in de- 1040 76 000 95, 000 42000 71000 149 170 

/i, 
1045 82,000 91,000 45,000 77,000 163 179 


I. W. JOHNSON is associated with the Knolls 
Atomic Power Laboratory, General Electric Co., 
Schenectady, N. Y 


* HR-Hot Rolled. CD-Cold Drawn. 
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WELDING TRANSFORMER 


Fig. 1—Basic spot weld 


by electrodes. 

This interpretive report will at- 
tempt to bring together all avail- 
able data and information on spot 
welding of carbon steel. At the 
time spot welding first came into use 
(1898), carbon steel was the most 
available and utilized metallic en- 
gineering material. It follows then 
that spot welding was first used 
principally on carbon steel. For- 
tunately, carbon steel, particularly 
low-carbon, is one of the easiest 
materials to spot weld and the proc- 
ess grew in popularity even with 
crude equipment and complete lack 
of precise control as we know it to- 
day. The quality of these first 
spot welds was undoubtedly inferior 
to the minimum standards of today. 
One criterion of a weld used in the 
early days was violent expulsion of 
metal. A weld that did not throw 
a lot of sparks was no good. We 
can expect then that these welds 
had considerable porosity. How- 
ever, the welds did meet the re- 
quirements of the application. The 
process grew with the development 
of new materials and increased re- 
quirements so that today a struc- 
turally sound weld, with minimum 
indentation and distortion, can be 
made consistently. 


Metallurgical Aspects 


When considering the metallurgi- 
cal aspects of a welding process, it is 
first necessary to understand the 
fundamentals of the process. 
Briefly, then, let us look at the 
factors involved in spot welding. 

The metallurgy of spot welding 
difters from that of other welding 
processes primarily because of the 
greater speed in reaching the weld- 
ing temperature and in subsequent 
cooling of the weld and adjacent 
heat-affected zone. 

In Fig. 1, a basic spot weld is illus- 
trated. Copper-alloy electrodes are 
used to provide low electrical resist- 
ance with high heat conductivity. 
This copper alloy is chosen to give 
adequate structural strength to 
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withstand the electrode force while, 
at the same time, possessing the de- 
sired electrical and heat-conduc- 
tivity properties. Carbon steel has 
low electrical and heat conductivity. 
The electrical conductivity of car- 
bon steel is approximately 13% 
of copper. 

The heat generated in this elec- 
trical system may be represented by 
the formula H = I*Rt, where H is 
the total heat, J is the current, R 
is the resistance and ¢ is the time. 
The greatest heat will be generated 
at the point of greatest resistance 
in the electrical circuit. The point 
of greatest resistance is at the inter- 
face of the two work pieces. Thus, 
inherently, welding temperature is 
first attained precisely at the place 
the weld is desired. This is aided 
by the low heat conductivity of the 
steel. The copper-alloy electrodes 


14 Cycle Weld Time 


having high heat conductivity will 
carry the heat away from the sur- 
face of the work fast enough to pre- 
vent the work surface from reaching 
a temperature that would be in- 
jurious. This is aided by internal 
water cooling of the electrodes. 
Current, time and pressure are 
recognized as the fundamental vari- 
ables of spot welding. Pressure 
affects the resistance at the inter- 
face—the lower the pressure, the 
higher the resistance. Thus, the 
current requirement increases as 
the pressure increases. However, 
the pressure must be great enough 
to overcome the rigidity of the work 
and also cause a forging ot the weld 
when the current stops flowing. 
The maximum current that can be 
used is just below the point of metal 
expulsion. This point varies di- 
rectly with the pressure. Pressure 


20 Cycle Weld Time 
Fig. 2—Showing the growth of a spot weld with time. 0.094-in. 1010 steel, degreased. 
1400-Ib electrode force, 12,000-amp welding current. X5. Etchant, 2% Nita! 
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Table 2—Tension-shear Test Specimen 


Recom- 

Thickness Sp2cimen mended 

of thinner width, length, 
sheet, in. in. in. 
Up to 0.029 5/, 3 
0.030 to 0.058 1 4 
0.059 to0.115 l'/, 5 
0.116 to 0.190 2 6 
0.191 to over 3 8 


with the same freedom from metal- 
lurgical problems. The very nature 
of the spot-welding process makes 
it impractical to use ordinary prac- 
tices when spot welding medium- 
carbon steels. Cooling rates in- 
herent in spot welding are so rapid 
as to cause the weld nugget to trans- 
form, not to the ductile pearlite but 
rather hard, brittle martensite. 
This does not mean that medium- 
carbon steels cannot be spot welded. 


blacksmith who by reheating to the 
required temperature restored the 
ductility of the work material. 
The principal difference between 
the blacksmith and _ spot-welding 
practice is speed with which a spot- 
welding machine can make a weld, 
quench and temper. Actual ma- 
chine and control settings will be 
illustrated and discussed in the sec- 
tion under Procedures and Tech- 
niques. 


Postheat and program controls are 
now available that permit heat 
treating a spot weld immediately 
after it is made. This resembles 
the tempering operation of the 


Mechanical Properties 

As in other metals, spot welds in 
carbon steel are difficult to test in 
such a way that a strength value 


is usually expressed in unit pressure, 
such as so many pounds per square 
inch. Force exerted by the elec- 
trodes on the work is total force and 
is correctly referred to as electrode 
force. The force exerted on the 
work by the electrodes will vary as 


Table 3—Spot Welding Low-carbon Steel 


the weld progresses. The softening |tweamess| evectrooe | | | | | OIAMETER | — | THicKmess 
ate > “T°OF | OIAMETER ELECTRODE) | CURRENT |ComTACTING] wELO | OF | STRENGTH T oF 
of the me tal upon heating will « ause THINMEST| AMO SHAPE | FORCE [(SINGLE |(APPROX:)| OVERLAP | SPACING | FUSED | THINWEST 
a lessening of the force. It is im- ourente | IMPULSE) ZONE oursiot 
portant that the movable electrode 
be capable of moving very rapidly pes | 
to permit fast follow up and thus Sess TENSILE 
maintain relatively constant force. | | | 
For a given current, electrode | 
orce an electroae confhguration, Max Stc.) AMPS IN APPROX 7TOOOOPS! | AND ABOVE 
f d_ electrod figurat | approx. | 70000PSi apove| 
0.010 ve 8 200 « 0.010 


4000 | ves | "4 0.10 130 180 
| 


+ 


the time of current flow will deter- mm 
. . . | | 0.13 | 320 a 440 


of the weld nugget. This is illus- 0.040 | 1/4 $00 | | ve | [ | s20 1200 0.040 
Fj 2 osz | v2 ve | 800 14 | 12000 | ' 0.25 } 1850 | 0.062 
ig. | 0.078 s/s 5/6 1100 17 #000 0.29 2700 0.078 
The time involved in spot welding 0.094 se 5/6 | 1300 | 20 iss00 | | ive | o.3 3450 -- 0.094 
is relatively short. Usually, the 0.109 | 38 | 1600 | | | | | —— | 0.109 


of a second. For instance, a typi- ' . 
WOTES 
cal spot-welding schedule for two 1 TYPE OF STEEL - SAE 1010 @ 1020 


2 MATERIAL SHOULD BE FREE FROM SCALE, OXIDES. PAINT, GREASE AND OIL 
pieces of _/i67In. thick low-carbon 3 WELDING CONDITIONS DETERMINED BY THICKNESS OF THINNEST OUTSIDE PIECE "T” 
steel requires a current flow of 15 4 OATA FOR TOTAL THICKNESS OF PILE-UP NOT EXCEEDING 4°T" MAXIMUM RATIO BETWEEN TWO THICKNESSES 3 TO | 
S ELECTRODE MATERIAL, Class 2 
cycles or '/, sec. Thus, the rate of MiNiMUM CONDUCTIVITY — 75% OF COPPER 
MINIMUM HARONESS 75 ROCKWELL } 
heating and also the rate of ooling 6 MiNMAUM WELD SPACING IS THAT SPACING FOR TWO PIECES FOR WHICH NO SPECIAL PRECAUTIONS NEED BE TAKEN TO j 


COMPENSATE FOR SHUNTED CURRENT EFFECT OF ADJACENT WELOS 


is very rapid. FOR THREE PIECES INCREASE SPACING 30 PER CENT a 

Low-carbon steels offer no metal- 
lurgical problems when spot welded. 
Once the correct spot-welding cycle 
has been established, there is little 


Table 4—Pulsation Welding Low-carbon Steel 


else to cause difficulty if electrodes COMBINATION ELECTRODE NET WELO TIME WELOING | MINIMUM | MINIMUM | MINIMUM | COMBINATION 
OF THICKNESSES OIAMETER ELECTRODE On CURRENT CONTACTING| DIAMETER) SHEAR OF THICKNESSES 
are properly maintained. The heat, TO BE WELDED ANO SHAPE FORCE (APPROX) OVERLAP TO BE WELDED 
yeu USED OR STEEL 
produced by the current, melts the 60 PER SEC rome | 
TENSIL 
steel and allows fusion to take place. se STRENGTH 
The cooling cycle permits the metal : SCV eo oF =. 70,000 
ge ° PS!) 
to solidify and pass through the | _PULSATIONS | S = 
ws wax CENTERS | CENTERS| AMPS IN APPROX Ls 
sults with all practical welding con- | > | | « | we | 8000 | we | we 
ditions. Martensite is sometimes ve | sve | | 1000 3 19000 | 7/8 sve | sooo | 
observed in low-carbon spot welds we | + oo | wooo| ve | 38 | sooo | wel! ive 
wie 4 2 950 6 20 14 $5 
site are relatively low and the car- 6] 36. a) We 1950 6 20 4 9500 ive 96 | 10000 | 376] 576 
+ + + + + + + + 4 
bon content of the martensite is low, va | we 9/16 2150 2 2a 8 ive | 3/4 | 1000 | 174 | 174 
he | / 24000 7/8 20000 v6 / 
To produce brittle structures in T | T | 
either the weld nugget or the heat- | T 
affected zone would require even 
greater cooling rates than spot weld- | TYPE OF STEEL - SAE 1010 8 102% 
. - - 2 MATERIAL SHOULD BE FREE FROM SCALE, OXIDES, PAINT, GREASE AND O11 
ing creates. 3 WELOING CONDITIONS DETERMINED BY THICKNESS OF THINNEST OUTSIDE PIECE “T 
: shi 4 DATA FOR TOTAL THICKNESS OF PILE-UP NOT EXCEEDING 4°T" MAXIMUM RATIO BETWEEN TWO THICKNESSES 3 710 
However, the ease with which the 
low-carbon steels may be welded minum CONDUCTIVITY — 75% OF COPPER 
does not imply that the welding of 6 MINMAUM WELD SPACING IS THAT SPACING FOR TWO PIECES FOR WHICH NO SPECIAL PRECAUTIONS NEED BE TAKEN TC 
higher carbon steels may be done COMPENSATE FOR SHUNTED CURRENT EFFECT OF ADJACENT WELDS. FOR THREE PIECES INCREASE SPACING 30 PER CENT 
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Table 5—Spot Welding Medium-carbon Steel 


| ELECTRODE wer 
AO ELECTRODE 
WELO ano 


mare man 


crcves crceces 
(60 PER SEC) | (60 PER SEC) 


T 
Comonion | THcaness | 


1095 [wor 0 040 


Sat 1005 | 0 040 


SAE wOLLED | 0 040 


— _ +— 


sat | | | 21800 | 


wores 


1S FOR TWO PIECES OF COUAL THICANESS. EACH OF 


? 
> 
CALCCTROCE CIAMETER SHAPE GRE THE SAME FOR GOTH UPPER AND LOWER ELECTRODES 
SPACING (5 THAT SPACING FOR WHICH NO SPECIAL PRECAUTIONS NEED TAKEN TO FOR 


MATER SHOULD GE EO OR OTHERWISE CLEANED TO OBTAIN & SURFACE CONTACT @ESISTANCE WOT EXCEEDING 200 
CACCTROOE MATERA, CLASS ELECTM@ICAL CONDUCTIVITY 75%. OF COPPER MARONESS 7S 


CURRENT EFFECT OF a0saCENT wELOS 


Table 6—Single-impulse Spot Welding Low-carbon Steel 


ELECTRODE 
THICKNESS BIA. ane SHAPE AVERAGE 
OF EACH OF we.o |cowracr. TENSILE 
Two WORK SPACING ING SHEAR 

PIECES 30° 7 C/L| OVERLAP STRENGTH 

INCHES ss.| d 

6 POUNDS 


INCHES | INCHES INCHES [| CYCLES 


.120 
% 1% 
1% 
1% 


6,900 

8,550 
10,050 
11,500 
13,250 
14.750 
16,100 
17,600 
18,900 
20,250 
21,750 
24,100 


% 1% 
% 1% 21,600 
% 2% 22,300 
2% 23,000 
2% 23,600 
2% 4320 | 24,400 
312 2% 4890 | 25,700 


20,900 


overlapping strips allows a couple to 
form which causes bending near the 
weld; this bending increases pro- 
gressively with the tensile load on 


of general significance is obtained. 

The chief advantages of the shear 
or tension test on a lap joint are the 
simplicity of preparation of the spec- 


imen and of making the test, 
the availability of tension-testing 
equipment and the fact that the re- 
sult is expressed in units which 
closely approach the needs of the 
designer. On the other hand, the 
objection to this type test lies in the 
fact that the stress concentration 
and the unavoidable eccentricity of 
loading cause distortion of the pieces 
so that pure shear is never obtained. 

The mechanism of failure of a 
single spot weld tested in tension- 
shear is explained in the following 
manner: the misalignment of the 
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the specimen and the plane of the 
weld becomes inclined at an in- 
creasing angle to the line of the pull, 
introducing a tearing action con- 
centrated on two points on the cir- 
cumference at opposite diameters of 
the weld. Thus, as the load in- 
creases, the character of the test 
changes from what originally started 
as a pure shear test to a complex 
system of shearing and tearing when 
failure occurs. 

It becomes obvious then that a 
good-quality single spot weld of high 
potential breaking load is liable to 


premature test failure by tearing, 
owing to the bending of the com- 
ponent plates during testing. Re- 
sistance to bending is proportional 
to the width and to the square of 
the thickness of the test specimen. 
To obtain true correlation of test 
results, it is necessary then to use 
standard-size test specimens. The 
standard sizes as established by the 
AMERICAN WELDING SOCIETY are 
shown in Table 2. The amount of 
overlap is to be equal to the width 
of the specimen. 

The strength of spot welds de- 
pends on the strength of the sheets, 
which in turn, depends on the com- 
position, heat treatment and degree 
of cold work. For instance, a 
single spot weld in '/:., low-carbon 
steel will average 1850-lb tensile- 
shear strength, whereas the same 
size spot in 4340 steel will average 
3840 lb. The weld in 4340 is tem- 
pered in the spot-welding machine 
by quenching and then passing a 
current equal to 77% of the welding 
current for a time equal to the weld- 
ing time. 'Tensile-shear'! strengths 
of single spot welds are tabulated in 
Tables 3, 4, 5 and 6. 

When minimum spacing of spot 
welds is approached, some current 
will be shunted through preceding 
spots. The closer the spacing, the 
more current will be shunted. The 
first spot weld in a group will then 
be the strongest. It is, therefore, 
necessary to test the second or third 
spot instead of the first to obtain a 
true indication of the spot-weld 
strength in the assembly. 

Fatigue strength of spot welds is 
inherently very low, being in the 
order of 10 to 20% of the tension- 
shear strength. It has been demon- 
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strated’ that two unwelded speci- 
mens clamped together to simulate 
a spot weld failed in fatigue in the 
same manner and at the same stress 
as a welded specimen. It is ob- 
vious, then, that the welding heat is 
not the cause of low resistance to 
fatigue. It has further been shown‘ 
that a void in the center of the spot 
weld does not lower the fatigue 
strength. A '/,-in. diam spot weld 
with a '/,-in. diam hole drilled 
through the center of the spot sup- 
ported the same number of cyclic 
loads before failure as one without 
the drilled hole. 

Fatigue cracks initiate at the 
interface in the sheets perpendicular 
to sheet surface. Two cracks de- 
velop at opposite edges of weld and 
progress in opposite direction as 
indicated in Fig. 3a. Cracks do not 
appear at the surface until these 
perpendicular cracks have _pro- 
gressed through the entire sheet as 
illustrated in Fig. 3b. 


Design for Spot Welding 


The factors that must be con- 
sidered in joint design for spot weld- 
ing are: 


1. Overlap. 

2. Spot spacing. 

3. Spot strength. 

4. Accessibility. 

The overlap of the two pieces to 
be joined is determined by the ge- 
ometry of a good weld and is a 
function of the weld size. The weld 
size in turn is a function of the 
material thickness. A true spot 
weld is inherently ellipsoidal when 
looking at an etched cross section 
through the center of the spot. It 
may be slightly distorted at times 
due to electrode contour, surface 
condition, etc., but the inherent 
shape is ellipsoidal. The penetra- 
tion of the weld nugget toward the 
surface is necessarily limited. The 
desirable limits of penetration of an 
acceptable spot weld are from 20 to 
80°% of the thickness. The minor 
axis is then governed by the thick- 
ness. Being an ellipsoid, the major 
axis, or the diameter of the weld 
varies with minor axis or the thick- 
ness of the material. The desired 
weld size, therefore, is a function of 
the thickness of the material. In 
thickness range of 0.032 to 0.188-in. 
experience and accepted standards 
have determined that the weld size 
may be roughly estimated as equal 
to 0.10-in. + 2 times the thickness 
of the thinnest member. The over- 
lap should be equal to twice the weld 
size plus '/; in. The '/; in. is al- 
lowed for tolerance in positioning 
of the weld. By adequate fixturing 
which will assure the placing of the 


spot exactly in the center of the 
overlap at every weld, the '/, in. 
may be eliminated. Reducing the 
overlap to terms of thickness, the 
following results: 

Overlap = 2 times weld size + 1/8in. = 

2(0.10 + 2t) + 0.125 
= 4t + 0.325 in. 

These are rough rules and should 
be considered only as approximations. 

The spot spacing varies with the 
spot size and material thickness. 
The minimum spot spacing, based 
on any given welding procedure, is 
that spacing which will not shunt 
sufficient current through preceding 
spots to affect appreciably the size 
of the spot being made. Based on 
welding procedure, this spacing 
should be equal to 16 times the 
thickness. However, based on dis- 
tortion, the spacing should be 48 
times the thickness. Certain pro- 
cedures require greater spacing and 
should be determined before pro- 
ceeding with production. The min- 
imum spacing tabulated in “‘Recom- 
mended Practices’’'! do not apply to 
series welding. Series welding is 
discussed under welding procedures. 

The spot strength will vary 
directly with the area of the spot 
and, therefore, with the thickness. 
It is generally safe to assume that 
the strength is equal to the weld 
area times the tensile strength of 
the metal in the annealed state. 
For example, a normal spot in !/ ;«- 
in. material is '/, in. in diam as meas- 
ured by peel test of cross section. 
The area of this spot at the inter- 
face is 0.049 sq in. Assuming mild 
steel of approximately 40,000-lb 
ultimate tensile strength, the weld 
is calculated to have a total strength 
of approximately 1960 lb. Infor- 
mation and data relative to these 
factors are tabulated in Tables 3, 
4 and 5. 

Accessibility should always be 
kept in mind. Offset electrodes 
may be used but, if the offset is too 
great, it may result in excessive tip 
deflection, skidding and surface de- 
formation at the required electrode 
force. Restricted size of electrode 
may cause excessive heating due to 
high current density. Also alter- 
nate current paths, overloading and 
inadequate cooling should be 
avoided. Figure 4 (a) shows a 
typical lap joint which is easy to 
make. Flange joint (b) is also 
easily accessible. Joint (c) is some- 
times encountered but is not desir- 
able. It can generally be made 
with a portable gun. Joint (d) is 
often attempted and often consid- 
ered satisfactory. It is totally unre- 
liable and the weld is unpredictable 
because of the current shunted 
through the outer sheet. 


Fig. 3—IIlustrating fatigue cracks in a spot 
weld. (a) Showing initiation of cracks at 
interface. (b) Showing cracks on outside 
surface after crack has progressed 
through entire thickness 


(o) | | 


Fig. 5—Spot-welding symbol 
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Fig. 6—Peel test. Step 1, grip in vise or 
other suitable device. Step 2, bend 
specimen. Step 3, peel pieces apart 
with pincers or other suitable tool 
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Table 7—Effect of Electrode Spacing on Shunting Current 


Material—0.036-In. Cold-rolled Steel 


Current in upper Current in lower Current in 
workpiece workpiece backing bar 

2-in. electrode spacing, total current 10,700 amp 

First 3 cycles 3200 2000 5500 
Last 3 cycles 2200 2100 6400 
4-in. electrode spacing, total current 10,700 amp 

First 3 cycles 2300 1600 6800 
Last 3 cycles 1750 1700 7250 
6-in. electrode spacing, total current 10,700 amp 

First 3 cycles 1800 1450 7450 
Last 3 cycles 1450 1500 7750 


To simplify the problem of con- 
veying required information from 
design to manufacturing, a system 
of symbols has been developed by 
the AMERICAN WELDING SOCIETY. 
The symbols are quite simple in 
actual operation, being based on an 
acknowledged character for each 
process. Using these characters as 
a center, or focal point, an arrow is 
projected through them and direc- 
tionally pointed to weld placement, 
while along its tailing length are 
organized in fixed positions all 
other instructions normally re- 
quired by the shop. Figure 5 illus- 
trates the spot-welding symbol. 
Properly used, these symbols will 
eliminate confusion and help manu- 
facturing to meet specification re- 
quirements. 


Procedures and Techniques— 
Surface Preparation 


The purpose of preweld surface 
preparation is to control the magni- 
tude and to minimize variations of 
the contact resistance at the faying 
surfaces and the contact resistance 
between the external work surfaces 
and the welding electrodes. 

The fundamental principle of 
spot welding is the creation of fusion 
between the contacting surfaces of 
the parts joined, but not at their 
outside surfaces. Excessive heat 
produced between electrode sur- 
faces and the work parts welded is 
harmful, particularly so if surface 
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Fig. 7—Effect of coating thickness on 
weld strength and current. 
of steel, 0.032-in. 
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marking of the work is to be avoided. 
Dirt and oxide film on the surfaces 
of the parts welded which may come 
in contact with the electrodes must 
be removed or reduced in resistance 
to insure welds with good surface 
appearance and to minimize elec- 
trode pickup and thus increase elec- 
trode life. The need for clean fay- 
ing surface is equally as important. 
Oxide fibers vary in resistivity and, 
therefore, will introduce inconsist- 
encies in the weld quality. A uni- 
form oxide film on the faying sur- 
faces can be tolerated, but work that 
is rusty should never be spot welded. 
Oil, in itself, will not affect the weld 
quality; however, an oily surface 
will cause dirt particles to cling to 
work and these particles will cause 
erratic results even to the point of 
burning through the entire thickness 
of the work. Oil in contact with 
the electrodes will cause carboniza- 
tion of electrode tips and thus lower 
their life considerably. 

There are a number of ways of 
removing dirt and oil from the sur- 
faces. Vapor degreasers and chem- 
ical baths are most satisfactory, al- 
though with proper supervision and 
technique, hand wiping can be satis- 
factory. Oxide films may be re- 
moved by mechanical means such as 
grinding, wire brush or fine grit 
blasting. Sand blasting should 
never be used because the particles 
of silica imbedded in the surface 
introduce very erratic and inconsist- 
ent welds. Also oxide films may be 
removed by pickling. The follow- 
ing is a satisfactory method for 
pickling. 


1. Degrease by vapor degreaser 

or alkaline cleaner. 

2. Pickle in 50-50 (by volume) 
hydrochloric acid—water solu- 
tion. Time will depend on 
thickness of film to be removed. 

. Rinse in cold water. 

. Rinse in hot water. 

. Dry with air blast. 


Or Co 


Welding Procedures 


Low-carbon steel is so readily 
weldable that it is often used as a 


standard for judging the weldability 
of other steels and metals. Differ- 
ences in the resistivity of steels with 
a range of carbon content requiring 
compensating adjustment of the 
welding conditions should not be 
construed to indicate variations in 
weldability since satisfactory weld- 
ing-machine settings may be estab- 
lished with little difficulty. The 
ease of welding permits the selection 
of numerous combinations of weld- 
ing variables. Such permissible 
variations may lead to carelessness 
in setting up a machine that will 
produce welds that will not meet the 
requirements of the application. 
The best possible procedure on 
available equipment should always 
be used. The basic setups may be 
generalized in three types: 


Type 1—Short weld time, high 
electrode force and high welding 
current. 

Type 2—-Medium weld time, me- 
dium electrode force and me- 
dium welding current. 

Type 3—Long weld time, low 
electrode force and low welding 
current. 


It has been demonstrated'* that 
Type 1 produces the best welds and 
that the following is true as we move 
from Type 1 through 2 to 3. 


1. Average shear strength de- 
creases. 

2. The spread between maximum 
and minimum shear strength 
increases. 

3. The degree of porosity in- 
creases. 

4. The percentage of welds likely 
to fail by tearing metal de- 
creases. 


The requirements of the specific 
application will dictate the mini- 
mum __—s requirements. It is not 
recommended to work to the mini- 
mum but rather to the best quality 
weld that available equipment will 
produce. It is more economical to 
make the best weld rather than one 
of poorer quality. 

Spot welding of low-carbon steel 
may be divided into three types: 


1. Direct welding. 
2. Indirect welding. 
3. Series welding. 


The arrangement of electrodes and 
path of the welding current are 
illustrated in Fig. 8. 

An extensive investigation” of 
series-spot welding reveals some of 
the problems of series welding that 
are not encountered in direct or 
indirect welding. The predominant 
difference is that in series welding 
three parallel current paths are 
present. The total current is di- 
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vided between these paths: 


1. Top workpiece. 
2. Bottom workpiece. 
3. Backup bar. 


The current through the top work- 
piece contributes nothing to the 
formation of the weld; it represents 
a loss and therefore increases the 
over-all power requirements, and it 
increases the current density in 
the electrodes and may, therefore, 
shorten electrode life. The advan- 
tages are greater production rates, 
since two welds are made simultane- 
ously from a given transformer sec- 
ondary; better surface finish with 
minimum distortion on one side; and, 
since the electrodes contact the work 
from the same side, it permits welding 
in otherwise inaccessible regions. 

Electrode spacing is the greatest 
controlling factor of shunting cur- 
rent. Table 7 illustrates the dif- 
ferences between 2, 4 and 6-in. elec- 
trode spacing when welding 0.036- 
in. auto-body steel. Electrode force 
and surface condition also affect the 
amount of current shunted through 
top and bottom sheet. The higher 
the resistance from the electrode 
through work to the backup bar, the 
greater will be the shunted current 
through the work. 

Recommended practices have 
been established by AWS and 
should be used as a guide whenever 
setting up a spot-welding machine 
for welding low-carbon steel. Tables 
3, 4 and 5 are a part of these recom- 
mended practices. In Table 4, data 
for pulsation welding is tabulated 
for thickness range of '/, to °/\, in. 
The difference between pulsation 
and spot welding is in the timing of 
the current flow. Spot welding 
utilizes one impulse of current. 
Pulsation welding utilizes two or 
more impulses of equa] duration 
separated by a definite time. The 
electrodes remain on the work with 
full electrode force through the 
entire duration of all the current 
impulses. Until recently, electronic 
controls limited the weld time to 
30 cycles. Therefore, welding sched- 
ules, requiring more than 30 cycles 
weld time, were established using 
pulsation welding. Electronic con- 
trols are now available providing for 
weld time adequate for welding 
‘/ie-in. plate or thicker. Table 6 
tabulates data for spot welding 
thicknesses over '/; in. Pulsation 
welding when applied to heavier 
materials has one major advantage. 
Often, due to the geometry of the 
parts, products made of materials 
in this thickness range are quite 
rigid. The normal electrode force 
may not produce intimate contact at 
the faying surfaces. The use of 


pulsation welding will help produce 
the desired contact without causing 
excessive metal expulsion. The 
same effect can be attained by using 
slope control or dual forces. 
Magnetic material in the throat 
of the machine reduces the current 
in the secondary. If the amount of 
material in the throat of the machine 
is constantly changing, it is neces- 
sary to regulate the current auto- 
matically to obtain consistent welds. 
Electronic current regulators are 
available that will maintain con- 
stant welding current even though 


the secondary impedance varies 
over a wide range. 
Medium-carbon steels _ being 


hardenable require a postheat treat- 
ment. It has been shown" that 
when hardenable steels are spot 
welded, the subsequent rapid cooling 
results in a brittle martensitic struc- 
ture with poor mechanical proper- 
ties. Tough, ductile welds may be 
obtained by passing a short postheat 
current after the weld has cooled to 
martensite. This raises the tem- 
perature to a value just below the 
austenitization range, producing a 
tempered structure. 

Electronic controls providing close 
control of quench and temper time 
and postheat temperature are avail- 
able. Table 5 offers a guide to the 
use of such controls and the spot 
welding of medium-carbon steels. 

Because of their poor response to 
postweld treatment, high-carbon 
steels are generally not spot welded. 
For some special applications, how- 
ever, high-carbon steel has been 
spot welded and heat treated satis- 
factorily for the application. 


Electrodes 


The recommended electrode ma- 
terial for spot welding carbon steel is 
RWMA Class 2. This material 
provides sufficient conductivity so 
that the major heating will occur at 
the interface of work to be welded 
and not between the electrode face 
and the work. The heat conduc- 
tivity is good so that the electrode 
can dissipate the heat generated dur- 
ing welding operation. To help 
dissipate the heat, electrodes are 
usually water cooled. For water 
cooling to be effective, the flow of 
incoming water must be directed to 
the bottom of the water hole in the 
electrode. 

A domed-face electrode is gener- 
ally accepted as best for welding 
carbon steel. The radius of the 
dome may vary, but a 2 to 4-in. 
radius is mostly used and produces a 
weld of good appearance and inden- 
tation within reasonable limits. The 
electrode face contacting the work 
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Fig. 8—Illustrating direct, series 
and indirect welding 


determines the current density for a 
specific heat setting. It is impor- 
tant then to retain the same area of 
contact between electrodes and work 
within close limits. Electrodes 
should always be machined carefully 
to the same contour that was used 
when establishing the schedule and 
in the setup of the machine. Filing 
of the electrodes on the welding 
machine should never be permitted 
because it is too difficult to restore 
the original contour by hand filing. 
Several sets of electrodes properly 
machined should always be avail- 
able for ready replacement of used 
electrodes. On high production 
work, a definite schedule of elec- 
trode replacement is recommended. 


Testing Spot Welds in 
Carbon Steels 


Production testing of spot welds 
in any material is a very important 
and necessary operation. This is 
true because the appearance of a 
spot weld may be very deceiving. 
A weld may appear good on the sur- 
face and still not be welded at all. 
The problem becomes more difficult 
because there are no nondestructive 
tests that are totally reliable. X- 
ray will only indicate internal de- 
fects such as porosity and cracks, 
but will not reveal size of spot or pen- 
etration. Ultrasonic testing gives 
an indication of the quality of a 
spot, but the repeatability is so poor 
as to render the method impractical 
for this purpose. 

It, therefore, becomes necessary 
to resort to destructive testing in an 
effort to control the process. There 
are numerous destructive tests that 
are used to determine basicdata. A 
partial list includes: 


1. Tension-shear. 
2. Tension. 
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Impact. 

. Metallographic cross section. 
. Twist test. 

. Hardness test. 

. Peel test. 


The specimens and techniques are 
discussed in American Welding So- 
ciety Recommended Practices for Re- 
sistance Welding C1.1-—50. 

The peel test, illustrated in Fig. 
6, offers the simplest, easiest to 
execute, and most effective single 
test. This test offers a means of 
measuring the size of the weld 
which, in turn, can be correlated 
with the strength. It further pro- 
vides a good indication of the pene- 
tration. If the penetration of the 
weld nuggest into either member is 
insufficient, this test will not pull a 
hole in either piece. This is par- 
ticularly true on material up to 0.094 
in. thick. Greater thicknesses may 
only pull out a slug of metal, leaving 
a crater in one piece. The depth of 
this crater is an indication of the 
depth of penetration. This test is 
more severe than the tension-shear 
test because initially the weld is 
stressed more in tension. It has 
been demonstrated that a weld may 
exhibit almost adequate strength in 
tension shear but snap apart when 
peel tested. 

If it is required to test production 
samples in tension shear, portable 
tension-testing equipment, hand 
operated, is available that can be 
used right at the welding machine. 
These testers will test single spots in 
material up to 0.094 in. thick. Some 
fabricators also have a cut-off wheel 
and etchant in the area of the welding 
machines to provide a quick macro- 
etch and metallographic examina- 
tion. 


Coated Steels 


Carbon steel displays poor resist- 
ance to corrosion. In many ap- 
plications, therefore, it becomes 
necessary to add a protective coat- 
ing. Galvanizing is a common type 
of coating and may be spot welded 
satisfactorily. In an investigation’ 
of spot welding galvanized steel, 
work was done on three weights of 
galvanizing, namely, 1.05, 1.53 and 
2.25 oz/sq ft. Figure 7 illustrates 


the effect of coating thickness on 
weld strength and current where steel 
is 0.032 in. thick. 
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It is obvious that the thicker 
coating requires higher current 
levels. This will aggravate the 
pickup on the electrodes and reduce 
the number of welds that can be 
made between cleanings. High- 
conductivity electrodes are neces- 
sary to minimize pickup. RWMA 
Class 2 electrodes are recommended. 

Electrode pickup is a function of 
electrode temperature, and it was 
reasoned that electrodes cooled be- 
low freezing temperature by cir- 
culating a refrigerant in place of 
water would greatly improve this 
condition. The results of using 
refrigerated electrodes for spot weld- 
ing galvanized steel indicate that: 


1. Welding conditions other than 
optimum quickly obscured the bene- 
fits of refrigerated electrodes. 

2. At optimum conditions only 
minor increases in weld strength 
may be attained. 

3. Indentation decreases and 
weld appearance improves as the tip 
temperature decreases. 

4. The effect of coating thickness 
is the same at low temperatures as 
at high temperatures; increased 
coat thickness requires increased 
current. 

5. Electrode-tip life is improved. 

6. It is felt that the application 
of refrigeration to tip cooling when 
spot welding galvanized steel is not 
too practical because: (a) the 
strength increase is negligible; (6) 
installation and maintenance costs 
are high; and (c) there is consider- 
able delay each time the welding 
machine is started to get the tem- 


perature down. Conventional 
water cooling is considered satisfac- 
tory. 


The use of the slope control in 
spot welding galvanized steel im- 
proves tip life and consistency con- 
siderably. The slope control pro- 
vides a means of controlling the 
initial current at lower levels, gradu- 
ally building up to welding current. 
This permits the electrodes to fol- 
low up and seat properly before the 
high welding current is reached and 
minimizes the heating between the 
electrode and the work. 

Other coatings such as cadmium 
and tin plate present the same prob- 
lem as galvanized steel, except that 
their melting point is lower and 
resistivity higher than zinc. There- 
fore, the current requirements are 


not as great and consequently, the 
tip pickup troubles are not as 
aggravated. Welding conditions 
are approximately the same as for 
galvanized steel except a lower 
current level may be used. 

Parkerized and bonderized steels 
have a phosphate coating for corro- 
sion resistance. These coatings 
affect the electrical resistivity of the 
surfaces to a degree that prevents 
passage of current through the 
sheets at low pressures. Higher 
pressures will produce welds, but 
slight variations in coating thick- 
ness have been found sufficient to 
prevent welding. Thinner phos- 
phate coatings used primarily as a 
paint-grip base are reportedly being 
spot welded satisfactorily. 

Aluminized steel is spot welded 
readily but should be wire brushed 
prior to welding to minimize expul- 
sion and tip pickup. 


Bibliography 

1. Lawrence, Harold, “Metallurgy of Spot 
Welding,” Steel, March 29, 1943. 

2. Spraragen, W., and Gordovi, M. A., 
“Mechanical Characteristics of Resistance Welds 
in Plain Carbon Steel,” THe JOURNAL, 
23 (7), Research Suppl., 305-s to 343-s (1944). 

3. Simmie, W. S., and Hipperson, A. J., 
“Spot Welding Properties of Rust-Proofed Mild 
Steel Sheet,”’ Jbid., 23 (8), Research Suppl., 371-8 
to 375-8 (1944). 

4. Welter, G., “Stress Around a Spot Weld 
Under Static and Cyclic Loads,” Jbid., 29 (11), 
Research Suppl., 565-s to 576-8 (1950). 

5. Welter, G., “Fatigue Tests of Spot-Welded 
Steel Sheet,” Jbid., 28 (9), Research Suppl., 413-s 
to 439-s (1949). 

6. Nippes, E. F. et al., “Spot Welding of 
Heavy-Gage Structural Steel,” Jbid., 30 (7), 
Research Suppl., 327-s to 335-8 (1951). 

7. Begeman, M. L., et al., “Spot Welding Gal- 
vanized Steel,” IJbid., 28 (9), Research Suppl., 
385-8 to 395-8 (1949). 

8. Resistance Welding—-Theory and Use, 
AMERICAN WELDING Society, Reinhold Publish- 
ing Corp., New York, (1956). 

9. Stanley, W. A., “Resistance Welding,” 
McGraw-Hill. 

10. Brown, H. W., “Spot Welding Aluminized 
Low-Carbon Steel,”” THE WetpInc JoURNAL, 23 
(9), Research Suppl., 458-s to 473-s (1944). 

11. “Recommended Practices for Resistance 
Welding,”’ C1.1—50, 2nd edition, AMERICAN WELD- 
ING (1955). 

12. WeLtpInG HANDBOOK, AMERICAN WELDING 
Society, 4th edition, Section Two, Chapt. 30-33. 

13. Hess, Doty and Childs, “Spot Welding 
High Tensile and Low Alloy Steels,’ THe Wetp- 
ING JOURNAL, 25 (9), Research Suppl., 504-6 to 
511-8 (1946). 

14. Riley, J. J., “Variation in Quality of Spot 
Welds in Low-Carbon Steel over a Range of Weld- 
ing Variables,” THe WELDING JOURNAL, 25 (9) 
833 to 842 (1946). 

15. Resistance Welding Manual, 3rd edition, 
Resistance Welding Manufacturers Association. 

16. Nippes and Domina, “Series Spot Welding 
of Auto Body Steel,”” Toe Wetoinc JouRNAL, 33 
(11), Research Suppl., 535-8 to 544-s (1954). 

17. Nippes, Savage and Robeletto, “‘Measure- 
ment of Shunting Currents in Series Spot Weld- 
ing,” Ibid., 34 (12), Research Suppl., 618-8 to 
624-8 (1955). 


3 
SEG 
im 
LAS 
ah 
abs 
iy 
= 
Pay 
: 
‘Si 
way 


Spot and Seam Welding of Zircaloy 3 


Investigation indicates that, by proper selection 

of welding variables, welds of adequate tensile-shear strength 
can be made, but the inherent notch sensitivity of the material causes 
low normal-tension strength and ductility ratios 


SY & W. 


ABSTRACT. Zircaloy 3, an alloy of zir- 
conium with nominal composition of 
0.25% tin and 0.25% iron, is an ideal 
structural material for nuclear reactors. 
It combines reasonably high mechani- 
cal strength with a low-capture cross 
section for thermal neutrons. 

In this investigation the optimum 
spot-welding conditions for 0.062- and 
0.110-in. Zircaloy 3 sheet were deter- 
mined. The optimum conditions for 
seam welding were determined only for 
the 0.062-in. sheet. 

To obtain a consistent weld strength, 
the tenacious, low-conductivity surface 
film must be removed from the surface 
of Zircaloy 3 sheet. A pickling solu- 
tion consisting of 100 parts concen- 
trated HCl (assay 37%) with 1 part 
48% HF was found to be satisfactory 
for removing the surface film. After 
one minute in this solution, a consistent 
surface-contact resistance of the order 
of 40 microhms was obtained. To 
simulate actual practice, the effect of 
storage environment after pickling was 
studied. 

The tensile-shear strength of spot- 
welded Zircaloy 3 was high; however, 
its normal-tension strength was com- 
paratively low. Welding under an 
argon atmosphere improved both the 
tensile-shear and normal-tension 
strength, but did not materially change 
the ductility ratio. Tests performed at 
500° F showed a decrease in the ten- 
sile-shear strength and an increase in 
the normal-tension strength and the 
ductility ratio. 


Introduction 


The aim of the research described in 
this report was the determination of 
the optimum spot and seam welding 
conditions for 0.062-in. Zircaloy 3 
sheet, and the optimum spot-weld- 
ing conditions for 0.110-in. Zircaloy 
3sheet. The optimum welding con- 
ditions were taken at the widest re- 
producible range giving results 
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within the limits of the various cri- 
teria established by the recommend- 
ations of the Resistance Welding 
Manual' of the Resistance Weld- 
ing Manufacturers’ Association 
(RWMA). These resistance- 
welding criteria are listed below: 


1. No porosity or cracking in the 
fusion zone. 

2. Less than 5% indentation and 
10% sheet separation. 

3. Fusion-zone penetration of 
30-80% of the sheet thick- 
ness. 

. 10-25% fusion-zone overlap 
for pressure-tight seam welds. 

5. A wide and reproducible cur- 
rent range. 

Radiographic and metallographic 

inspection was used for both the 
spot-welded and the seam-welded 


Table 1—Chemical Analysis of 
Zircaloy 3 (ingot FZ-458) 
Top of 
ingot 


Bottom of 


Element ingot 


Sn, % 0.27 0.28 
Fe, % 0.27 
N, max 120 
Al, max 

B, max 

Cd, max 

C, max 

Cr, max 

Co, max 

Cu, max 

Hf, max 

Pb, max 

Mg, max 

Mn, max 

Mo, max 

Ni, max 

Si, max 

Ti, max 

W, max 

V, max 


Zr Balance Balance 


All compositions involving maximum specifica- 
tions are given in parts per million. 


Table 2—Mechanical Properties of 0.062- 
In. Zircaloy 3 Sheet, 17.3% Cold Rolled 


0.2 % yield strength, psi 
Ultimate tensile strength, psi 
Elongation, % 

Reduction in area, % 


specimens. During the course of 
the determination of optimum cond- 
itions for spot welding, tensile- 
shear and normal-tension tests were 
also performed. 

Various pickling solutions and 
pickling conditions were investi- 
gated in order to obtain conditions 
which would produce consistently 
low contact resistance. Studies were 
also made to determine the effect of 
environment and storage time on 
the contact resistance of material 
previously pickled under optimum 
conditions. 


Material 


Both the 0.062-in. and the 0.110- 
in. thicknesses of Zircaloy 3 sheet 
were received in the cold-rolled 
approximately 17.3°%), degreased 
and pickled condition. The chem- 
ical composition of Zircaloy 3 
sheet used for these studies is 
shown in Table 1. The mechanical 
properties of this material were 
found as listed in Table 2. The 
fabrication history of ingot FZ-458 
is given in Table 3. 

A supply of Zircaloy 3 was vac- 
uum annealed* at the sponsor’s 
laboratory in order to determine if 
vacuum annealing would result in 
satisfactory contact resistance. 


Surface Treatment 


Because the contact resistance of 
the “‘as-received”’ material was high 


* Vacuum annealed at 700° C for 1 hr, retort 
cooled. 
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(of the order of 3000 to 4000 mi- 
crohms), a study of the effect of sur- 
face treatments on contact resistance A 
was initiated prior to the investiga- 
tion of the spot and seam welding 


of the material. The contact resist- = 
ance (of the order of 2000 to 3000 B @ OUT-DOOR EXPOSURE >B 
microhms) after vacuum annealing al C + OVEN IS5O°F f 
was still too high for practical spot- i D O HIGH-HUMIDITY EXPOSURE 

2 AIR CONDITIONED ROOM (70°F 
welding studies. The following re- 
quirements for a surface treatment sool 
were considered: TESTS PERFORMED MAY -JULY 1957 


1. The contact resistance should 
be less than 500 microhms. 

2. The contact resistance should 
not vary excessively from place to 
place on the sheet. 

3. Material loss resulting from 


the surface treatment should not be 
excessive. 
The contact-resistance measure- 


ments were made on a device de- 
veloped in the RPI Welding Labora- 
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tory. The instrument utilizes a 
modified Kelvin double-bridge and — | 
a pair of electrodes having a 4-in. 40 PICKLED CONTACT RESISTANCE = = = 
continuous radius contour. Unless | | 
otherwise stated, an electrode force | 
of 1000 lb was used for all measure- 
ments. 20 + 
A pickling solution of 100 parts of | | | 
concentrated HCl (assay 37%) and | | 
1 part of 48% HF satisfactorily ful- | | | | | 
filled the previously mentioned re- 4 0 
quirements. This solution is capa- TIME , DAYS 
ble of reducing the resistance to ap- Fig. 1.—Effect of environment on contact resistance of pickled Zircaloy 3 sheet 


Table 3—History of Ingot FZ-458 proximately 45 microhms in about operation in reducing contact resist- 


30 sec. with a loss in sheet thickness ance. 


Ingot was double consumably melted 


using inert-atmosphere melt practice of only 0.0001 in. Increasing the Since there could be a substantial 
’ time of pickling to 90 sec. resulted delay period between the pickling 
Operations performed ; in a loss of 0.0003 in. in section operation and the welding operation 
ingot heated at 1800° F, 15 min 

: thickness and in a contact resistance in a mass-production process, infor- 

Broken down to 4- x 14-in. slab ‘ 
Reheated at 1800° F, 15 min of approximately 40 microhms. mation regarding the change in con- 
During this phase of the investiga- tact resistance with time, under the 


Bloomed to 3'/, x 8 x 65 in. 

Conditioned 

Hot rolled at 1550° F to 0.135 x 87/;sin. x L_ 
Blasted and pickled 


tion a study was made to determine influence of various environments, 
the effect of electrode force on con- was desired. Tests were performed 
tact resistance. Table 4 lists the over a 60-day period during the 


Cold rolled 0.132 to 0.118 in. conditions and the results of these months of May, June and July using 

Cold rolled 0.118 to 0.110 in. studies. Reference to Table 4 in- the following environments. 

Degreased and pickled dicates that the contact resistance 1. Specimens submerged in water 

Hot rolled at 1550° F to 0.079 in. decreased by a factor of 2 to 3 times at room temperature. ‘ 
Blasted and pickled __ when the electrode force was in- 2. Outdoor exposure. 

Cold rolled 0.075 to 0.067 in. creased from 500 to 2000 lb. Table 3. Specimens stored at a temper- 

Cold rolled 0.067 to 0.062 in. 4 also indicates that wire brushing ature of 150° F in a laboratory 


ickled 
Degreased and pickle was not as effective as the pickling oven. 


Table 4—Effect of Electrode Force and Surface Treatment on Contact Resistance of 
Zircaloy 3 Sheet (Units of Contact Resistance: Microhms) 


Electrode Force, Ib 
Material condition Thickness, in. 500 1000 1500 2000 
Vacuum-annealed sheet, degreased and pickled* 0.062 51 27 24 22 
Cold-rolled sheet, wire brushed 0.062 ina 60 50 42 
0.110 120 82 61 46 
Cold-rolled sheet, degreased and pickled* 0.062 64 40 27 25 
0.110 55 40 30 26 


* Pickling solution 100 parts concentrated HCl (assay 37%), 1 part 48% HF. 
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Table 5—Conditions for Radiography 


Film, Type M X-ray film; tube-to-film dis- 
tance, 24 in. 


Sheet 
thickness, Voltage, Exposure, 
in. kv ma-min 
0.062 90 200 
0.110 180 100 


. High-humidity exposure (speci- 
mens on top of a distillator). 

5. Specimens kept in an air-con- 
ditioned room (70° F con- 
stant temperature). 

. Specimens stored in a desicca- 
tor. 


The results of these studies, 
plotted in Fig. 1, indicated that an 
exposure time of 10 days did not re- 
sult in excessive increase in contact 
resistance except for the specimens 
stored in water and those stored out- 
doors. Further, with the exception 
of high-temperature and high-hu- 
midity exposures an exposure time of 
2 weeks did not result in excessive 
increases in contact resistance. 

Figure 2 shows the effectiveness 
of the pickling solution by plotting 
surface-contact resistance in mi- 
crohms as a function of the surface 
area of the treated material in square 
feet per gallon of solution. 

The following is an explanation of 
the test procedure used to determine 
the values of the above-mentioned 
variables. 

Tensile-shear specimens 6 x 1 in. 
were degreased before pickling. 
The surface-contact resistance was 
measured and recorded for material 
pickled in freshly prepared solution. 
Additional contact-resistance meas- 
urements were made periodically, 
and the results were plotted as a 
function of the total area of surface 
subjected to prior treatment per 
unit volume of bath. After a 
sufficient area had been treated so 
that a 1-min. pickling time failed to 
reduce the surface-contact resist- 
ance below 100 microhms, the bath 
was considered to be depleted. 
The curve labeled ‘“‘Run 1” in Fig. 
2 summarizes the resulting data. 
The abscissa was obtained by divid- 
ing the total cumulative surface 
area treated by the volume of pick- 
ling solution remaining at the time of 
each measurement of contact resist- 
ance. 

In the second run, 180 sq ft of 
surface area per gallon of solution 
was pickled before final contact re- 
sistance increased, as shown in Fig. 
2, from an initial value of 32 to 100 
microhms (a to 6). At this point 
(6), 0.25% by volume of 48% HF 


was added to the remaining solu- 
tion to restore its pickling strength. 
When the pickling was continued 
(c to d) the contact resistance of the 
pickled specimens gradually in- 
creased to the limiting value of about 
100 microhms after treatment of an 
additional 100 square feet of sur- 
face. At this point 0.5% by vol- 
ume of 48% HF was added to the 
solution and the contact resistance 
of the next specimens pickled was 
reduced to 42 microhms. The pick- 
ling test continued until the supply of 
specimens was exhausted. At this 
point (f) the total cumulative 
treated surface area was 310 sq ft/ 
gal of solution and contact resistance 
of the last material pickled was 62 
microhms. 

It may be noted from these re- 
sults that the pickling solution can 
be repeatedly replenished by adding 
HF when a 1-min. pickling time 
fails to reduce the contact resist- 
ance to 100 microhms. Dragout 
losses, on the other hand, should be 
adjusted by the addition of stock 
pickling solution. 


Equipment 


Welding 

The spot-welding machine used 
in this investigation was a press-type 
machine having a maximum elec- 
trode force of 5000 lb. The trans- 
former, rated at 200 kva, operated 
at 60 cycles and 440 v with three tap 
settings giving turns ratio of 144:1, 
72:1 and 36:1. For 0.062-in. sheet a 
spring-loaded electrode was em- 
ployed to apply the rapid follow-up 
during welding. 

For the seam-welding portion of 
this investigation a machine having 
a maximum electrode force of 4000 
lb was used. Its transformer was 
rated at 175 kva with 60 cycles and 
440 v and had a turns ratio of 50.2:1. 
The wheel speed could be adjusted 
to provide from 5 to 200 ipm/min. 
welding speeds at the maximum 
electrode force. 

The welding power was derived 
from a 350-kva, single-phase gener- 
ator driven by an 125-hp synchro- 
nous motor operating from a three- 
phase 4160-v, 60-cycle line. The 
output voltage of the generator was 
adjustable from 275-550 v. 

Synchronous, electronic timing 
and phase controls were used for 
both spot and seam welding. A 
complete latitude of ‘‘on-off’’ se- 
quence was available with a mini- 
mum of !/, cycle on-time and 1 cycle 
off-time. The welding current was 
controlled by means of phase con- 
trol and by adjustment of the pri- 
mary voltage supply to the welding 
transformer. 


LING SOLUTION -100 PARTS CONC. HCi (ASSAY 37% 
PART 48% HF 


PICKLING TIME - ONE MINUTE 


8 


SURFACE CONTACT RESISTANCE, MICROHMS 


50 100 50 200 250 300 30 
MATERIAL TREATED, SQ FT PER GAL SOLUTION 


Fig. 2—Effect of pickling on surface-con- 
tact resistance of Zircaloy 3 sheet 


NORMAL - TEN T PECIMEN 


Fig. 3—Tensile-shear and 
normal-tension test specimen 


RWMaA Class 2 electrodes were 
employed for both spot and seam 
welding. 

In order to establish the effect of 
spot welding under an inert-gas 
atmosphere, a box-type enclosure 
was fitted around the welding elec- 
trodes and flushed with argon un- 
der a slight positive pressure prior to 
welding. 


Testing 

A 60,000-lb universal hydraulic 
testing machine was used for all 
tensile-shear and normal-tension 
tests. A specially designed furnace 
was used in conjunction with the ten- 
sile-testing machine to perform ten- 
sile-shear and normal-tension tests 
at 500° F. Because of the small 
diameter of the furnace opening, all 
cross-tension specimens were bent 
into a U-shape prior to spot welding. 
The tensile-shear and  normal- 
tension specimens are shown in Fig. 
3. The0.062-in. material was heated 
at 500° F in the furnace for about 15 
min and then bent, and the 0.110-in. 
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Fig. 4—Electrode geometry for spot 
and seam welding of Zircaloy 3 


ELECTRODE FORCE - 300.85 
WELD TIME - 6 CYCLES 

ELECTRODE -RWMA CLASS 2, 

RESTRICTED TP WITH 4” RADIUS COME 


WELD STRENGTH, LBS 


4 6 0 
WELDING CURRENT, KILOAMPERES 


Fig. 5—Tensile-shear and normal-tension 
strength vs. welding current. 0.062-in. 
Zircaloy 3, welded in air, tested at 75° F 


material was heated at 800° F for 
about 15 min and then bent to pre- 
vent cracking during the bending 
operation. To eliminate the surface 
film formed in the furnace, the bent 
specimens were pickled again before 
welding. 


Instrumentation 


Spot-welding current was meas- 
ured using an rms secondary-current 
measuring device? developed at the 
RPI Welding Laboratory. This 
meter, which uses an air-core toroid 
around the welding electrode for sig- 
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nal pickup, yields more accurate re- 
sults than the more common 
methods involving the measurement 
of primary current. 

The meter could not be directly 
used for the seam-welding studies, 
since the inside diameter of the avail- 
able air-core toroid was not large 
enough to accept the current-carry- 
ing cables. Therefore an indirect 
method of obtaining secondary cur- 
rent was devised. The air-core 
toroid was used to obtain current 
readings from a 1 x '/,-in. diameter 
copper rod which had been placed 
between the wheels of the seam- 
welding machine. Secondary cur- 
rent was recorded on a direct-inking 
recording oscillograph for a series of 
current settings. A graph of de- 
flection, as measured from oscillo- 
graph records, vs. rms current, as 
read directly from the meter, was 
plotted. All rms current values in- 
dicated for the seam-welding pro- 
gram were then obtained by measur- 
ing the deflection of the oscillograph 
and then obtaining the rms value of 
current from the calibration curve. 

Electrode force was calibrated 
using a deflection-type force gage. 

Penetration and fusion-zone meas- 
urements were made using a filar 
eyepiece in conjunction with a low- 
power binocular microscope. 

Surface indentation was meas- 
ured at the center of the weld zone 
using a dial indicator having an ac- 
curacy of 0.0001 in. 


Examination of Welds 


Both nondestructive and de- 
structive methods of examination 
were used in the evaluation of welds. 
The former method involved X-ray- 
radiographic techniques for de- 
tecting porosity in the fusion zones 
of welds. Destructive testing pro- 
cedures included tensile-shear and 
normal-tension tests and visual 
examination of weld cross sections 
to determine microstructure, weld 
diameter and penetration. An etch- 
ant consisting of 39 parts 70% 
HNO,, 3.8 parts 48% HF and 57.2 
parts H.O was used for both micro- 
etching and macroetching. Table 
5 lists the conditions used for radi- 


ography. 


Investigation Procedure 


The variables to be considered in 
both spot and seam welding include 
electrode material, electrode force, 
welding time and welding current; 
however, on-time, off-time, wheel 
speed, and spot spacing must also be 
considered in seam welding. 

Since the compressive strength of 
Zircaloy 3 decreases rapidly with in- 
creased temperature, 4-in. radius 


domes were used in order to mini- 
mize surface indentation and sheet 
separation. The domed electrode 
was used because its use results in 
better current distribution and less 
sheet distortion. Restricted diam- 
eters of °/;, in. and '/, in. were used 
for the 0.062-in. and the 0.110-in. 
sheet, respectively, in order to limit 
the diameter of the fusion zone. It 
was felt that it would be more practi- 
cal to use conditions which would 
yield limited fusion-zone diameters, 
since excessively large fusion-zone 
diameters require higher welding 
current but do not result in substan- 
tial increases in strength. Further- 
more, larger weld diameters result in 
greater sheet distortion and inden- 
tation. Criteria of porosity-free 
welds with a value of electrode in- 
dentation not exceeding 5% at the 
expulsion limit were chosen for de- 
termining optimum electrode force. 
The combination of the optimum 
electrode force and weld time which 
resulted in 50 to 70% penetration 
over a wide range of welding:current 
was considered to be the optimum 
spot-welding conditions. The elec- 
trode geometry for spot and seam 
welding is shown in Fig. 4. 

The criteria used for determining 
optimum conditions for seam weld- 
ing were: 


1. Porosity-free welds. 
2. A weld diameter approximately 

4 times the sheet thickness. 
3. A minimum weld overlap of 

10%. 

4. A maximum indentation of 5%. 
5. A penetration of from 50 to 
70%. 

The combinations of electrode 
force and wheel speed which just 
eliminated porosity were considered 
optimum. The minimum weld time 
which would produce satisfactory 
penetration and weld diameter was 
selected as the on-time in order to 
obtain maximum welding speed. 
Short on-times had the additional 
advantage of producing less surface 
indentation. The off-time was se- 
lected to yield a minimum of 10% 
overlap of individual fusion zones 
at the chosen welding speed. 


Results 


Spot Welding of 0.062-in. Sheet 

The tensile-shear and normal- 
tension strength vs. welding current 
are shown in Fig. 5 for welds made 
in air. The recommended range of 
welding conditions provided a duc- 
tility ratio (normal-tension strength 
to tensile-shear strength x 100) of 
approximately 15%. Figure 6 is a 
graph of tensile-shear and normal- 
tension strengths vs. welding current 
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Fig. 6—Tensile-shear and normal-tension 

strength vs. welding current. -0.062-in. 

Zircaloy 3, welded in argon, tested at 75° F 
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Fig. 7—Tensile-shear and normal-tension 


strength vs. welding current. 0.062-in. 
Zircaloy 3, welded in air, tested at 500° F 
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Fig. 8—Tensile-shear and normal-tension 
strength vs. welding current. 0.062-in. 
Zircaloy 3, high contact-resistance ma- 
terial, welded in air, tested at 75° F 


for welds made in an argon atmos- 
phere. It may be noted by com- 
paring Figs. 5 and 6 that a 10% in- 
crease in both normal and shear 
strengths occurred when welding 
under argon. However, the use of 
an argon atmosphere resulted in only 
asmall increase in the ductility ratio, 
from 15 to 16%. 

Figure 7 is a plot of the tensile- 
shear and normal-tension strengths 
vs. welding current for welds made 
in air and tested at 500° F. At this 
temperature the ductility ratio was 
increased to approximately 29%, al- 
most twice the value obtained at 
room temperature. It is of interest 
to note from Figs. 5 to 7 that the 
tensile-shear strength is decreased 
by testing at 500° F, while the 
normal-tension strength is increased 
over the room-temperature value. 

The results of tests made on 
samples, previously pickled in 39 
parts 70% HNO, 3.8 parts 48% 
HF, and 57.2 parts H.O, welded in 
the recommended range are shown 
in Fig. 8. It may be noted from 
Fig. 8 that expulsion occurred at a 
current of less than the upper recom- 
mended limit for stock pickled in the 
HCI-HF solution. However, higher 
contact resistance was associated 
with the HNO;-HF solution, and 
thus higher weld-strengths were 
observed at lower values of welding 
current. 


Seam Welding of 0.062-in. Sheet 

The following conditions were 
determined as satisfactory for seam 
welding: 
Electrode 

material RWMaA Class 2 
Electrode width */,; in., welding 


surface */;, in. width with 4 in. 
radius contour, wheel diameter 
8 in. 
Electrode force, Ib. . 
On-time, cycles 6 
Off-time, cycles 9 
Welding current, 
amp . 8000-11 ,000 


Wheel speed, ipm... 32 


Results obtained under these con- 
ditions are: 


Spots per in. 8 
Indentation, %. 1-4 
Sheet separation, %.... 
Penetration, “% 60-75 
Overlap, %.... 12-30 


The strength of seam welds was not 
investigated. 


Spot Welding of 0.110-in. Sheet 


The tensile-shear and normal- 
tension strength vs. welding current 
for welds made in air are shown in 
Fig. 9. A ductility ratio of approxi- 
mately 22% was obtained when 


WELD STRENGTH, LBS 


2000) 
NORMAL TENSION ~ 
= 2 14 6 


WELDING CURRENT, KILOAMPERES 


Fig. 9—Tensile-shear and normal-tension 
strength vs. welding current. 0.110-in. 
Zircaloy 3, welded in air, tested at 75° F 
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Fig. 10—Tensile-shear and normal-tension 
strength vs. welding current. 0.110-in. Zir- 
caloy 3, welded in argon, tested at 75° F 
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Fig. 11—Tensile-shear and normal-tension 
strength vs. welding current. 0.110-in. 
Zircaloy 3, welded in air, tested at 500° F 
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Table 6—Effect of Heat Treatment on Tensile-shear Strength, Normal-tension Strength 
and Ductility Ratio of Zircaloy 3 Spot Welds Tested at 75° F (Sheet Thickness 0.110 In.) 


As-welded 

Heat treated at 1652° F (900° C) for 1 hr, air 
cooled 

Heat treated at 1652° F (900° C) for 1 hr, water 
quenched 

Heat treated at 1382° F (750° C) for 1 hr, air 
cooled 

Heat treated at 1382° F (750° C) for 1 hr, water 
quenched 


Avg. 
tensile- 


Avg. 
normal- 
shear tension Ductility 
strength strength, ratio, 
Ib Ib % 


6300 1400 22.2 


4650 1330 28.6 
30.8 
22.1 


1700 28.3 


@ Specimens were welded under the following conditions: Electrode force, 700 lb; 


15,000 amp; welding time, 12 cycles. 


welding in the recommended range. 
Figure 10 is a graph of tensile-shear 
and normal-tension strengths vs. 
welding current for welds made in an 
argon atmosphere. It may be noted 
by comparing Figs. 9 and 10 that the 
use of an argon atmosphere resulted 
in approximately a 20° increase in 
both normal-tension and _tensile- 
shear strengths. The use of argon 
atmosphere did not change the duc- 
tility ratio. 


welding current 


Figure 11 is a plot of the results 
obtained for welds made in air and 
tested at 500° F. It may be noted 
from Fig. 11 that testing at 500° F 
resulted in a lower tensile-shear 
strength (approximately 5900 vs. 
6300 lb) and a higher normal-tension 
strength (approximately 1900 vs. 
1400 lb). These changes in strength 
increased the ductility ratio to ap- 
proximately 34%. 

Figure 12 compares the results of 
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Fig. 12—Hardness measurements, Zircaloy 3 spot welds 
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hardness measurements of as- 
welded specimens; specimens heat 
treated after welding for one hour at 
1652° F (900° C) in argon, then air 
cooled or water quenched; and 
specimens heat treated after weld- 
ing for one hour at 1382° F (750 ° C) 
in argon, then air cooled or water 
quenched. The as-welded speci- 
mens exhibited higher hardness 
value than the heat-treated speci- 
mens. Considering both the weld 
and heat-affected zone of the speci- 
mens heat treated after welding, the 
water-quenched specimens were 
somewhat harder than the air- 
cooled specimens. However, the 
heat-treating temperature did not 
affect the hardness appreciably. 
On the other hand, the tensile-shear 
and normal-tension strengths of 
spot welds were appreciably affected 
by the heat-treatment, which was 
carried out in argon. Table 6 
shows that the _ tensile-shear 
strengths of as-welded specimens 
and heat-treated and quenched 
specimens were about the same or- 
der of magnitude, 6000 lb, for 0.110- 
in. material. The tensile-shear 
strength of the specimens, however, 
was lowered approximately 20°% by 
employing air cooling after heat 
treatment. Contrary to this, the 
values of normal-tension strengths 
were almost unchanged for the 
specimens heat-treated and air 
cooled, but were increased about 
35% for specimens heat-treated and 
quenched from 1652° F (900° C) 
and were increased about 20°; 
for specimens heat-treated and 
quenched from 1382° F (750° C). 

Due to the effect of heat treat- 
ment on tensile-shear and normal- 
tension strengths, the ductility ratio 
increased from a value of 22% to 
approximately 30%, except for the 
samples which were heat-treated 
at 1382° F (750° C) and air cooled. 
In this case, the ductility ratio was 
the same as that of the as-welded 
specimens. 

The recommended spot-welding 
conditions for 0.062-in. and 0.110-in. 
Zircaloy 3 sheet are summarized in 
Table 7 for both welding in air and 
in argon. 

The results of room-temperature 
and 500° F tests have been included 
for welds made using these recom- 
mended conditions. 


Discussion of Results 


In many applications of welded 
structural joints, ductility, as well 
as strength, is an important con- 
sideration. In Zircaloy 3, spot- 
weld strength is fairly high; how- 
ever, the ductility ratio is quite low. 
This is probably due to the grain- 
boundary precipitate formed during 
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Table 7—Recommended Optimum Spot-welding Conditions for 0.062- and 0.110-In. Zircaloy 3 


Sheet Electrode Welding 
Welding and thickness, Welding current, force, time, Tensile-shear Normal-tension 
testing condition in. amp Ib cycles strength, Ib strength, Ib 

Welded in air, tested 0.062 8000-11 ,000 300 6 2900-3650 450-550 

at room temperature 0.110 12,000-16 ,000 700 12 5900-6150 1250-1400 
Welded in argon, tested 0.062 7600-10 ,600 300 6 3150-3800 500-560 

at room temperature 0.110 12 ,000-16 ,500 700 12 6900-7450 1300-1550 
Welded in air, tested 0.062 8000-11 ,000 300 6 2300-2700 570-800 

at 500° F 0.110 12,000-16 ,000 700 12 5300-5900 1800-1900 
cooling. Since all of the welds sub- of a weld specimen which had been In the range of 40 to 400 microhms 


jected to metallographic examina- 
tion exhibited a grain-boundary pre- 
cipitate, a solution heat treatment 
followed by water quenching or air 
cooling was investigated to deter- 
mine the effect of cooling rate on the 
precipitation and the mechanical 
properties of welds. Figure 13 
shows the microstructure of a weld 
specimen which had been solution- 


solution-treated at 1652° F (900° 
C) for one hour in argon followed by 
air cooling. As would be expected, 
the slower cooling rate resulted in 
the formation of greater amounts of 
precipitate. 

Referring to Table 6, the effect of 
the precipitate in the grain and grain 
boundary in the air-cooled speci- 
mens was to reduce both the tensile- 
shear and normal-tension strength. 


contact resistance did not affect the 
shape and size of the fusion zone. 
When welds were made using mate- 
rial with contact resistances of 1000 
microhms however, the size of the 
fusion zone was changed and expul- 
sion occurred at lower magnitudes of 
current. These effects are attrib- 
uted to the production of more heat 
at the faying surfaces because of the 
higher resistance. As may be noted 


treated for one hour in argon 
at 1652° F (900° C) and water Furthermore those welds exhibited by comparing Figs. 5 and 8, higher 
quenched. It may be noted from a brittle fracture as shown in Fig. strengths were obtained in the welds 


Fig. 13 that the grain-boundary 
precipitate has not been eliminated. 
Figure 14 shows the microstructure 


15. The lowering of tensile strength 
is probably due to two factors. 

1. The precipitate of a second 
phase which might otherwise 
strengthen the matrix. 


which were made using materials 
having a contact resistance of less 
than 100 microhms. 

The increase in the ductility 
ratio at testing temperatures of 


pe igs Tee! > 2. The embrittling effect of the 500° F is a result of the increase in 
Whe ho + Tae precipitate. In addition to the normal-tension strength and the de- 
suppression of precipitate in water- crease in tensile-shear strength. It 

ee ee ata, quenched specimens, homogeniza- was felt that the higher testing tem- 
tion and the relief of residual weld perature increased the normal-ten- 
stresses during heat treatment sion strength by reducing the notch 
increased the normal-tension sensitivity of the material. The 
strength considerably. Figure 15 shear strength was lowered because 
shows the ductile fracture observed of increased plasticity at the higher 
in the water-quenched specimens. temperature. 

Comparison of Fig. 15 with Fig. 16 

3 further supports the postulate that Conclusions 


Fig. 13—Spot weld heat treated in argon 
at 1652° F (900° C) for 1 hr, water quenched. 
Etched with 39 parts concentrated HNO; 
(assay 70%)-3.8 parts 48% HF-57.2 parts 


precipitation in the weld metal pro- 
duces a brittle weld joint. 

Although furnace heat treatment 
after welding is impracticable, these 
data suggest the possibility of carry- 


1. By proper selection of welding 
variables, spot welds of adequate 
tensile-shear strength can be made in 
Zircaloy 3, but the inherent notch 
sensitivity of the material causes 


water. X75. (Reduced by '/; upon re- ing out the heat treatment in the low normal-tension strength and 
production). resistance-welding machine. ductility ratio. 

In this case, two current pulses, 2. Spot welding in inert gas in- 
cine separated by a cool time, would be creases the weld strengths but re- 
3% Ge eis a required; the first current pulse sults in little change in the ductility 
would produce the weld, the second ratio. 

Ss Sema ee" ty would effect the heat treatment. 3. Tested at 500° F, the tensile- 


Fig. 14—Spot weld heat treated in argon 
at 1652° F (900° C) for 1 hr air cooled. 
Etched with 39 parts concentrated HNO, 
(assay 70%)-3.8 parts 48% HF-57.2 parts 
water. X75. (Reduced by '/; upon re- 
production) 


Fig. 15—The fracture of the specimen 
heat treated in argon at 1652° F (900° C) 
for 1 hr, air cooled. X7.5. (Reduced by 
50% upon reproduction) 


Fig. 16—The fracture of the specimen 
heat treated in argon at 1652° F (900° C) 
for 1 hr, water quenched. X7.5. (Re- 
duced by 50% upon reproduction) 
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shear strength was reduced about 
8% in 0.110-in. sheet and about 20% 
in 0.062-in. sheet, while the normal- 
tension strength was increased about 
50% in 0.062-in. sheet and 30% in 
0.110-in. sheet. The ductility ratio 
increased from 20 to 34% in 0.110- 
in. sheet and from 15 to 28% in 
0.062-in. sheet. 

4. Studies of photomacrographs 
which showed overlapping and 
porosity-free fusion zones in the 
welded seam indicate that gas-tight 
seams are possible in seam welding of 
Zircaloy 3. 
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BWRA Enlarges Plastic Moduli 
Tables 


A 55-page booklet dealing with 
the plastic moduli of structural steel 
shapes has been published by the 
British Welding Research Assn. 
Entitled The Plastic Properties of 
Rolled Sections, a series of tables 
listing the properties of a number of 
British and Universal sections is 
preceded by a discussion of the 
methods used. Several examples 
are given for determination of plastic 
moments and in the appendices are 
found the derivation of various 
formulas. 

The booklet can be obtained from 
the Publications Dept., BWRA, 
Abington Hall, Abington, Cam- 
bridge, England, price 8 /6d. 


SESA to Hold Spring Meeting 

The next national meeting of the 
Society for Experimental Stress 
Analysis will take place on May 18- 
20, 1960, at the Hotel Severin, 
Indianapolis, Ind. The theme for 
the meeting is “‘Stress Analysis of 


Propulsion Systems.”’ Further in- 
formation can be obtained by writ- 
ing to the society at P. O. Box 168, 
Cambridge, Mass. 


Basic Research in the Navy 

A report to the Navy which calls 
basic research “‘the life-blood of the 
entire system of technological in- 
novation” and advises the Navy to 
do more of it has just been made 
available to the public through 
the Office of Technical Services, 
U. S. Department of Commerce. 

The report, Basic Research in 
the Navy, is based on findings of a 
two-year investigation of basic re- 


search effort by U. S. industry, 
government and universities. The 
Naval Research Advisory Commit- 
tee has said the study “breaks new 
ground in applying new methods 
for measuring the amount of basic 
research that is done, illustrating 
the mission orientation of basic 
research in the Navy, and depicting 
the anatomy of basic research. 

“The study we feel deserves to 
be called to the attention of many 
segments of the public in order that 
they might benefit from this ‘re- 
search upon research’ which was 
done with public funds.” 

The report, PB 151925 Basic 
Research in the Navy, Arthur D. 
Little, Inc. under contract to Office 
of Naval Research, June 1959, may 
be ordered from OTS, U. S. De- 
partment of Commerce, Washington 
25. It contains 189 pages in two 
volumes. Price $7.00. 


Sciences: 


Crescent, London, W. 1. 


Automatic Welding 


The British Welding Research Association is making available a cover translation of the monthly Russian journal, 
Avtomaticheskaya Svarka, organ of the Arc Welding Institute, Kiev, published by the Ukrainian S. S. R. Academy of 
This Russian publication is, undoubtedly, the best magazine published by the Soviet Union covering the 
welding field. Eachissue contains a dozen important papers covering research, engineering, practice and news. 


The publication is available to those interested in the United States through annual subscriptions of $30 per year. 
Each subscription should be sent to the British Welding Research Association, Publications Department, 29 Park 
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A Study of Cracking in Low-Alloy Steel Welded Joints 


Literature review and some preliminary results 
of a long-term investigation into the roles of hydrogen 
and the other metallurgical factors involved in the 


ABSTRACT. After reviewing the pres- 
ent knowledge of what is generally 
termed “cold cracking’’ in low-alloy 
steel weldments, this paper describes 
some preliminary findings of an investi- 
gation of the phenomenon, which made 
use of a controlled-atmosphere welding 
chamber. Herein, controlled-arc weld- 
ing could be performed in various par- 
tial pressures of hydrogen and argon, 
enabling hydrogen contents of up to 
16.5 ppm of weld metal to be main- 
tained. A low-alloy wire (0.15% C, 
1.0% Mn, 1.0% Ni, 0.1% Cr and 0.4% 
Mo) and two base plates (a) 0.2% C, 
0.5% Mn, 4.0% Ni, 2.0% Cr, 0.56% Mo 
and (6) 0.15% C, 1.0% Mn, 1.0% Ni, 
1.0% Cr, and 0.5% Mo, were princi- 
pally considered. 

The results are presented in two 
principal forms: one as a metallo- 
graphic study, the other as a series of 
cracking diagrams. These observa- 
tions, together with those made by pre- 
vious workers, have led to the formula- 
tion of a theory of cold cracking which 
fits the majority of the pertinent fea- 
tures reported. 


Introduction 


This paper discusses the preliminary 
findings of a long-term investiga- 
tion into the roles of hydrogen and 
the other metallurgical factors in- 
volved in the cracking of welded 
joints. In order to pursue the 
investigation in a rigorous fashion, 
the following facilities were set up: 


1. A large chamber for the auto- 
matic controlled-arc welding 
of various test assemblies in 
known partial pressures of hy- 
drogen. 

2. Apparatus for the determina- 
tion of hydrogen contents of 
test welds produced in the 
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cracking of welded joints are discussed 
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above chamber, as well as 
those produced by commercial 
electrodes. 

Apparatus concerned in item 2, 


vacuum bottle and vacuum-heating 
methods similar to those of BCIRA, 
will be described elsewhere,* along 
with preliminary results for various 
commercial electrodes. 

The present work comprises: 


a) A literature review. 

(6) Scope of work with details 
of the controlled-atmosphere 
welding chamber (CAWC). 

(c) An account of preliminary 
results obtained in the CAWC 

(d) Discussion and conclusions. 

(e) Recommendations. 


Literature Review 


The various forms of cracking 
associated with the metal-arc weld- 
ing of steels may be divided con- 
veniently according to _ location: 
weld-metal cracking, fusion-line 


cracking and _ heat-affected zone 
cracking. Generally speaking, 
cracking of the unaffected base 


metal has not been found to occur. 
Each of the forms can be- further 
divided according to the tempera- 
ture ranges in which they occur 

namely, “‘hot”’ cracking and “‘cold”’ 
cracking. A convenient boundary 
range of temperatures in which 
neither normally occurs is probably 
from about 800° C (1440° F) down 
to 500° C (940° F), although such a 
range depends obviously upon the 
steels being considered. Although 
hydrogen has been suggested as con- 
tributory to “hot’’ cracking phe- 
nomena,'.? attention of the present 
research has been devoted to the 
more pressing problems of forms of 
cracking primarily associated with 
hydrogen—that is, cracking of the 


* Berry, J. T. and Allan, R. C., to be published. 


“cold” type. The forms are gener- 
ally termed: 


(a) Heat-affected zone cracking, 
which is often visible to the 
eye on sectioning. 

(6) Weld-metal fissuring, which is 
generally only seen at higher 
magnifications (x 200 and 
upward) in particular sections. 


Recent work? ‘ has indicated the 
possible existence of a third form: 
an extensive weld-metal cracking, 
which appears in certain combina- 
tions of electrode, base plate and 
cooling rate in fillet welds. 


Heat-affected Zone Cracking 

Some of the earlier reported 
work'. on heat-affected zone crack- 
ing associated its occurrence with 
hardenability factors (such as com- 
position). A criterion of maximum 
heat-affected zone hardness was thus 
suggested as 450 Al- 
though this criterion has served as a 
rough guide, the many other vari- 
ables present rule out such over- 
simplification. 

Hopkin’ in the United Kingdom 
soon associated heat-affected zone 
cracking in low-alloy steels with hy- 
drogen potentials of covered elec- 
trodes. Concurrent work®: in this 
country was also moving in this 
direction. Consequently, at that 
date (about 1944), cracking became 
linked with martensite formation 
known to be accompanied with 
great internal strain) and the expul- 
sion of hydrogen from solution. 
Zappfe” had already advanced a 
theory for simple hydrogen em- 
brittlement; however, this did not 
embrace phase changes. His pro- 
posal, in turn, was based upon the 
stress-triaxiality theory of Smith and 
Derges,'! which involved hydrogen 
being precipitated in “‘rifts.’”’ Little 
consideration has since been given 
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to these sites in terms of modern dis- 
location theory. Perhaps the most 
meaningful data of that period were 
contained in Mallet and Rieppel’s 
correlation between hydrogen poten- 
tial and “underbead”’ cracking (see 
Fig. 1). 

Work at Birmingham University, 
England,'?~* underlined the great 
importance of low-ductility mar- 
tensites. Dilatation and other tech- 
niques involving actual welds 
showed that cracking propagated 
below 100° C (212° F), “embryos” 
having been formed at a higher 
temperature. Local and external 
stress fields were cited as also being 
partly responsible for heat-affected 
zone cracking. These could be 
minimized by preheating or delayed 
cooling or by careful compositional 
departures. Hoyt, Sims and 
Banta,*! Herres,** and Mallet and 
Rieppel** brought the theory to a 
more satisfactory stage: the segre- 
gation of hydrogen to the last re- 
maining areas of untransformed 
austenite in the initiation of cracking 
was considered, and the necessity 
that both transformation and hy- 
drogen should be present simul- 
taneously was recognized. 

Review of the numerous papers of 
Cottrell and co-workerst will be 
divided into two parts: (1) the 
general theory and its application 


+ Cottrell has summarized much of the work 
in a most readable form in British Welding Jnl., 
1 (4), 167 (1954). 
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HYDROGEN OR WATER 
VAPOR PERCENT BY VOLUME 


oreo— 


{ 
} 


20 40 60 80 ! 
PERCENT UNDERBEAD CRACKING 


Legend 

@ Synthetic atmosphere hydrogen only; hol- 
low electrodes in. OD, in. 1D. 

O Max possible moisture, obtained by adding 
measured % H:0 to % H: (assumed 1 vol. 
H,O = 1 vol. H:); covered electrode, */\« in. 
diam. 

@ Measured partial pressure of hydrogen; 
covered electrode, diam. 

Steel: 0.45% C, 0.7% Mn, 1.2% Cr, 0.25% Si, 
0.2% V,6x6x1in. 


Fig. 1—Dependence of ‘underbead”’ 
cracking on arc atmosphere for a med- 
ium-carbon low-alloy steel (after Mallet 
and Rieppel?*) 
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to structural joints and (2) com- 
positional variables. Early work 
was concerned with structural joints 
and the correlation of these with 
various test assemblies, in terms of 
cooling rate*‘~** and, to some ex- 
tent, external or “‘joint’’ restraint. 
Examination of various fillet weld 
tests?‘ showed that: 

(a) The insulation of the full-size 
(Reeve) test from its backing plate 
did have some effect on low-tem- 
perature cooling rate in the heat- 
affected zone, but this was not 
sufficient to alter the heat-affected 
zone cracking tendency of the steel 
concerned (a 1.3% Mn, 0.3% Mo 
type). 

(6) A miniature (Reeve) test, un- 
backed, did not provide the neces- 
sary rate of cooling in the regions 
below 400° C (752° F). (Cooling 
rates at 300° C (572° F) and the 
occurrence of cracking had been 
linked previously.” In terms of the 
miniature test, the suitability of the 
rutile-basic in preference to rutile- 
covered electrodes was confirmed. 

(c) A Mn/Mo steel proved to be 
more weldable than the 0.23% C, 
1.6% Mn steel. 

Subsequent concerned it- 
self with unrestrained fillet welds and 
actual structural joints. The au- 
thors were able to express the re- 
sults for a Mn/Mo steel in terms of a 
critical cooling rate R at 300° C 
(572° F) below which no cracking 
occurred for particular electrodes: 


BAINITIC FERRITE LATHS 


PARALLEL TO {lO} a 


DISLOCATIONS PILED 
UP AFTER PLASTIC 
FLOW 


DISLOCATIONS 
CROSSING AT 
INTERSECTING 
PLANES, 


Type of 
—Covered Electrode— 

Cooling Rutile- 
rate, R Rutile basic Basic 


° C/sec 6 9 ll 
° F/sec ll 16 20 


The formulation of the controlled- 
thermal-severity (C.T.S.) test grew 
out of that work.*‘-** For two 
welds, one with two-directional (‘‘bi- 
thermal’’) and one with three-direc- 
tional (‘‘trithermal’’) heat extrac- 
tion, curves of heat input E (in 
KJ/in. of weld) vs. 1/~R indi- 
cated a general relation: 

1 
R= (gk +0) 
where & and ¢ are constants or, fur- 
ther, 


(1) 


R = (2) 
48E 2 
0.005 ) 
where N is the thermal severity 
number (T.S.N.),{ there being sep- 
arate families of curves for bither- 
mal and trithermal welds, and R is 
in ° C/sec. 

Further critical cooling rates were 
given in this paper for the steel con- 
cerned; including those for cellu- 
losic, oxidizing-ferritic types, and 


+T.S.N. = 4(t + 6) for bithermal welds and 
4(¢ + 26) for trithermal welds where t = top 
plate thickness and 6 = bottom plate thickness. 


PRINCIPAL 
STRESSES 


EVENTUAL 


\ 
UN-Q-T MARTENSITE CRACK 


\ \ \ 
\ \ 


TRACES OF 
{110} a, 


Sequence of Events 
. Plastic flow in bainitic ferrite (or possibly Q.T. martensite) pile-up occurs. 
. Un-Q-T martensite attempts to relieve stress due to pile-up in bainitic ferrite. 
. Dislocations in martensite move in several intersecting systems (i.e.; work- 
hardening occurs rapidly). No further relief of stress. 
. Fracture starts on or near lath boundary (possibly by coalescence of edge dislo- 
cations in bainitic ferrite) and follows such boundaries in an ‘‘unzipping’’ motion. 


Fig. 2—Mixed structure failure 
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rutile-covered austenitic-electrode 
deposits. The effect of preheat on 
cooling rate** and measurement of 
cooling rates prevailing during the 
fabrication of a small weldment*’ 
were then studied. 

Much subsequent work was done 
with the aid of a high-speed dila- 
tometer,* simulating weld thermal 
cycles. The specimen, a tube 1 x 
0.225 in. OD and 0.15 in. ID, was 
high-frequency heated and was 
cooled by a controlled gas quench. 
No particular method was used to 
apply restraint, but it has been sug- 
gested®' that such specimens may 
not be entirely free from thermal 
stresses. 

Thirty-seven steels were then ex- 
amined using both the above ma- 
chine and the Reeve-type fillet 
test.*? significant relationship 
was found to exist between end-of- 
transformation temperature and per- 
centage fillet-leg length cracking. 
It was also noted that decomposi- 
tion of retained austenite** at room 
temperature was not an essential of 
the process. Effects of electrolyti- 
cally charged hydrogen on the con- 
tinuous cooling diagram for a low- 
carbon Mn/Mo steel were signifi- 
cant.*4 At a low level (about 0.20 
ml/100 g or 0.18 ppm) the later 
stages of transformation to marten- 
site became more sluggish, the steel 
eventually exhibiting a pause in 
transformation. Charged specimens 
exhibited more pauses, and the end 
of transformation (M,) was low- 


Fig. 3—Schematic view of controlled-atmosphere welding chamber 


ered. The start of martensite trans- 
formation (M,) appeared to be 
unaffected. Bainitic transformation 
was also affected: the envelope of 
the continuous-cooling diagram was 
moved forward in time, and reac- 
tion times increased. Further re- 
search, involving the straining of 
charged specimens at various rates, 
showed: 

a) Martensite transformation is 
required (Cottrell here cited its 
relative opacity to hydrogen as well 
as its high residual stresses.” 

(6) Stress will further the initia- 
tion of cracking by inducing marten- 
site formation in retained austenite. 

It was postulated that disloca- 
tions might collect hydrogen during 
the accommodation of local stresses 
and that these atoms would as- 
sociate to become molecules. It 
was also suggested that molecular 
hydrogen would eventually be left 
behind by the dislocation and would 
then constitute an embryo crack. 
Further hydrogen atoms would then 
be absorbed” on the crack face and 
would be instrumental in lowering 
fracture stress. Although the theory 
was not expanded, it provides con- 
siderable food for thought. How- 
ever, the particular association of 
hydrogen atoms with glissile dis- 


imagine, especially when one con- 
siders the work on hydrogen yield- 
point disappearance by Rogers®: 
or develops the thermal-activation 
theory of Stroh and others.*: *! 
However, the theory will be re- 
examined at a later juncture along 
with those of brittle fracture in po- 
lygonal ferrites.**: 

The compositional work is of 
great practical significance in the 
design of compositions of weldable 
medium to high-strength structural 
steels. Work was conducted on 27 
steels*? and was aimed at the opti- 
mum balance of weldability and 
mechanical strength in terms of 
manganese, nickel and chromium 
content. Carbon and molybdenum 
were held at 0.15 and 0.25%, respec- 
tively. The harmful effect of man- 
ganese confirmed earlier work.* 
Its presence is more serious than 
that of either chromium or nickel, 
which could be added up to 1% each 
before any effect on weldability was 
observed. Recommendations were 
embodied‘! in the following maxi- 
mum composition limits: 


Mn, %. 0.8 to 1.0 
Ni, % 0.6 to 1.0 
Cr, % 0.4 to 1.2 


Two full-scale 2-ton casts were made 


locations is a little difficult to to the following compositions: 
Cc Mn Cr Mo Si 

Steel A 0.14 0.89 0.56 0.93 0.22 0.18 

Steel B 0.14 1.14 0.23 0.66 0.24 0.30 
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COOLING RATE AT 300°C ,°C/SEC. 
( 572°F, °F/SEC) 
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Fig. 4(a)—Cracking diagram for steels Nos. 1 and 2 and wire ‘‘A”’ 
(bead-on-plate tests). Notes: Numbers to left of points indi- 
cate number of sections (beads) showing no cracking. Let- 
ters on right of point describe cracking in a particular section. 


COOLING RATE AT 300°C 
(572°F) 
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Fig. 4(b)—Cracking diagram for steels Nos. 1 and 2 and wire 
“A” (C.T.S. tests). Notes: Figures to left of points indicate 
tension leg and, to right, shear leg of fillet; otherwise same as 
B.O.P. tests 
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[H] PPM. IN WELD METAL 
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COOLING RATE AT 300°C 
(572°F) 
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Fig. 4(c)}—Cracking diagram for steel No. 3 and wire ‘‘A”’ (sub- 
standard C.T.S. steels Nos. 1 and 2 bottom plates). Notes: 
Only tension leg and weld-metal defects reported; otherwise 
same as B.0.P. tests 


Note: Numerals to right of points denote number of defects 
found; letters are explained in Key on page 109-s. 

Steels No. 1, 2, 3 and wire ‘“‘A’’ are described in 
Tables 1 and 2. 
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Fig. 4(d)—Cracking diagram for steel No. 3 and wire 
“A” (full-scale C.T.S.) 
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Fig. 4(e)—Cracking in CO,-shielded welds (all deposited with wire ‘‘A’’) 


The weldabilities** were closely simi- 
lar with rutile electrodes; heat- 
affected zone cracking occurred 
above about 12-15° C/sec (21-—27° 
F/sec). (The mention of weld 
microcracking is interesting to note. ) 
The order of yield stress for the two 
steels was 56-57 Kpsi in the nor- 
malized-and-tempered state. 

A further series of 12 steels was 
then investigated** wherein vana- 
dium was used as a replacement ele- 
ment for molybdenum. Vanadium 
did not seriously impair the weld- 
ability, either in the presence or 
absence of molybdenum. As low a 
level as 0.14% was found to be 
sufficient to replace 0.22% Mo; 
moreover, better mechanical proper- 
ties and weldments resulted. (No 
evidence of temper brittleness was 
found). Adding other steels to 
account for carbon variation, Cot- 
trell** obtained a relationship be- 
tween the critical end-of-transforma- 
tion temperature and the percent 
leg-length cracking, using rutile 
electrodes and basic (low-hydrogen) 
electrodes: 


End of transformation 


290° C (610° F) 
245° C (470° F) 


Electrode 


Rutile 
Basic 


A tendency toward less cracking was 
exhibited in the cases of steels which 
finished transforming somewhat be- 
low 245° C (470° F), when welded 
with basic electrodes. “ 

One of the steels examined was of 
the boron-bearing type (0.55 Mn, 
0.49 Mo, 0.11% C). The high- 
speed dilatometer later revealed“ 


the occurrence of bainite at all but 
one of the cooling rates (the fastest), 
where the martensite transformation 
was completed above 300° C. 

Extension of the critical end-of- 
transformation temperature  cri- 
terion to 0.23% C, 1.5% Mn steel 
further confirmed its validity in the 
welding of low-alloy steels.“ How- 
ever, more recent work by Brad- 
street and Wilkins*’ indicated that 
the criterion could not be extended 
to a 0.5% plain-carbon steei or to 
welds made using very small beads 
(i.e., very low heat inputs and, 
hence, very high cooling rates). 
Neither of these effects is particu- 
larly surprising on recalling that (a) 
considerable difference exists be- 
tween bainites and martensites of 
low- and high-carbon contents and 
(6) heat-affected zone cracking, be- 
ing partly hydrogen-dependent, is 
thus time- or diffusion-controlled. 

Rose and Nehl,” although not 
establishing any true criterion, have 
moved independently in proposing 
the use of steels transforming at 
higher temperatures; effects of cop- 
per and molybdenum on the move- 
ment of the bainite nose in the con- 
tinuous cooling diagram were care- 
fully studied. The effects of vari- 
ous elements on this same nose 
have been studied with similar 
care, in England, by Irvine, et al.,°! 
for boron-bearing low-carbon steels. 
Low-alloy boron-bearing steels have 
had considerable success in practice 
in Britain®*? and in the United 
States** and seem to indicate the 
success of the Cottrell transforma- 
tion criterion. 

More recently, Weiss, Ramsey 
and Udin*‘ were able to show that, 


Bi bithermal weld 
TRI trithermal weld 
sep separate defect 
oO no cracking 


with low-hydrogen electrodes on a 
0.3% C, 1.6% Mn, 0.5% Mosteel, the 
onset of cracking depends also upon 
choice of test. The C.T.S. test and 
a cruciform test (the latter possesses 
a greater restraint pattern) were 
utilized. Cracking appeared only 
when the cruciform test was used. 
Artificially increasing cooling rate to 
five times its normal value (which 
was about 10° C, 18° F/sec) was 
still insufficient to bring about the 
appearance of heat-affected zone 
cracking with the C.T.S. assembly. 
Consequently, further work must 
take into account the role played by 
the restraint pattern of the test 
assembly. 


Fig. 5—Sites of heat-affected zone crack- 
ing. 37 KJ/in. under argon + 10% hydro- 
gen ({[H] = 12.5 ppm) on '/, in. steel No. 1. 
Equiv. cooling rate at 300° C (573° F) = 
4.6° C/sec (8.3° F/sec), bead-on-plate 
test. Showing smail heat-affected zone 
cracks at intersection of sets of laths. 
x 350. (Reduced by 50% upon reproduc- 
tion) 
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Weld-metal Fissuring 

The phenomenon of weld-metal 
fissuring, sometimes termed “‘micro- 
cracking,’ has been the subject of 
much investigation. The biggest 
single contribution has come from 
Alan Flanigan and co- 
workers®~** at the University of 
California, although early _ re- 
search”: and more recent work*®?: 
have greatly advanced the under- 
standing of the subject. Fissuring 
occurs sporadically in basic weld 
metal,** but it is generally confined 
to weld metals of high-hydrogen 
content. 

The investigations of Flanigan 
are best considered jointly. Early 
work: indicated the dependence 
of fissures on low-temperature cool- 
ing rate and described the effect of 
fissures on mechanical properties. 
Later investigations”: * indicated 
how preheating and _ postheating 
affected fissuring and various me- 
chanical properties. (Full strength 
recovery to the uncracked weldment 
level was not obtained.) The tem- 
perature of formation of fissures was 
estimated, by a salt-bath technique, 
as being of the order of 100° C 
(212° F). 

Recently, using constant-tem- 
perature bath techniques, Flanigan 
and Saperstein®® produced the im- 
munity susceptibility vs. time rela- 
tion for fissuring. This relation can 
be considered as partly analogous to 
the effect of preheat on fissure forma- 
tion. A temperature range of sus- 
ceptibility to fissure formation was 
found to exist from about 450 to 
490° C (840-910° F). Above and 
below this range, immunity to 
fissuring may be obtained by hold- 
ing at particular temperatures. The 
theoretical interpretation advanced 
for the upper region (above 500° C 
(940° F) of immunity, was that the 


Fig. 6—Sites of heat-atfected zone crack- 
ing. 37 KJ/in. under argon on '/, in. steel 
No. 1. Equiv. cooling rate at 300° C 
(572° F) = 4.6° C/sec (8.3° F/sec), C.T.S. 
test. Showing heat-affected zonecracks 
propagated from crater ‘‘lip’’ caused by 
incomplete penetration. x 200. (Re- 
duced by 2/; upon reproduction) 
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Fig. 7—Heat-affected zone cracking and 
inclusions (for details see Fig. 5). Fine 
crack and sulfide-type inclusion. X 350. 
(Reduced by 2/; upon reproduction) 


products of transformation (prob- 
ably coarse bainitic ferrite) are too 
ductile to allow cracking to spread 
easily. The lower region of im- 
munity was considered as one where 
transformation, being martensitic 
and therefore not carbon-diffusion 
dependent, leads to a weld metal 
with a more uniform hydrogen dis- 
tribution. The region of suscepti- 
bility was related to the lower end 
of the bainite transformation (dif- 
fusion dependent). The localiza- 
tion of hydrogen in the last vestiges 
of untransformed austenite was 
thought to result in brittleness of 
these areas. 


An Attempt to Interpret Cracking 
Modes in Weldments 

Structures Prevailing in Welds and 
Their Behavior. In general, low- 
alloy low-carbon steel weldments 
will contain varying amounts of pro- 
bainitic ferrite, martensite and mar- 
tensite “‘tempered” in varying de- 
gree. All are liable to be of varying 
coarseness, and all are frequently in 
“platelet” or “lath” form. Within 
what was originally a parent austen- 
ite grain, there can exist laths of 
various types and orientations. 

A great deal has been written as 
to how these two phases grow from 
common nuclei® (particular move- 
ments of dislocations®’) by complex 
shear” or diffusion’! according to 
the temperature region involved and 
the relationship of their crystal 
geometry to that of the parent aus- 
tenite.”?. 7° However, the literature 
concerning their behavior in plastic 
flow and fracture is somewhat 
sparse. The mechanics of poly- 
crystalline ferrite yielding and frac- 
ture is, however, fairly well estab- 
lished. Unlike bainites and mar- 
tensites, this phase exhibits true 
yield, a sudden over-all plastic flow. 
This phenomenon is known to be 
preceded by a local variety’* which 
involves pile-up of dislocations and 


the high local stress thereby 
created’®: where larger grain sizes 
persist. 

Pronounced yield is not seen 
where either (a) the temperature is 
sufficiently high for thermal fluctua- 
tions to free condensed solute atoms 
from dislocations generally*: or 
(6) the temperature is sufficiently 
low for cleavage or brittle fracture 
to occur on (001) planes. Thus it is 
likely that, in low-carbon low-alloy 
deposits, classical cleavage will not 
be exhibited in the temperature 
regions immediately below trans- 
formation where cracking is thought 
to commence. Unless the grain or 
lath boundary is involved, one 
might hazard that the “plastic 
microcracking”’ described by Mott” 
might occur. Since the soluteatoms 
gathered as precipitates in bainites 
and martensites (tempered or 
quench-tempered) have a consider- 
able strengthening effect and since 
untempered martensites are known 
to work-harden rapidly,” § atten- 
tion must be devoted to the bound- 
ary regions. 

It is thus relevant to look briefly 
into the literature of temper em- 
brittlement of low-alloy steels.**~*‘ 
Although substitutional _ solute 
atoms are undoubtedly involved in 
long-term embrittlement, the more 
mobile interstitials must dominate 
the short-term variety. However, 
the mechanism of either variety is 
still not well defined. Fortunately, 
it is now generally accepted that, in 
the second or short-term variety, 
the solute atoms are not required to 
form coherent phases at prior aus- 


§ Since the nature of work hardening is con- 
cerned with the formation of sessile dislocations,”* 
one might anticipate that solute atoms in mar- 
tensite have the propensity of prolonging the 
life of these barriers. Hydrogen has also been 
shown to increase this rate in ferrite.*. * 


Fig. 8—Heat-affected-zone cracking and 
inclusions (for details see Fig. 5). Thres- 
hold cracking and two inclusions—one 
sulfide and one (small) oxide type. 
x 1100. (Reduced by '/, upon reproduc- 
tion) 
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tenite grain boundaries to bring 
about embrittlement. 

Since, in addition, plastic flow 
will be involved in the weldment 
during transformation, the effect of 
strain upon diffusion®® and the 
effect of this, in turn, upon increas- 
ing rate of embrittlement must not 
be overlooked. 

The ultimate failure of such 
boundary regions becomes a co- 
herence problem sensitive only even- 
tually to hydrogen surface absorp- 
tion but primarily to local stresses 
raised by dislocation arrays in suit- 
ably ductile phases—for example, 
upper bainitic ferrites. These 
stresses cannot be damped out by 
plastic flow in the more deforma- 
tion-resistant unquench-tempered 
martensite. A possible configura- 
tion is illustrated in Fig. 2. 

The importance of a mixed struc- 
ture in hydrogen embrittlement of 
steels has already been noted by 
Dana, Shortsleeve and Troiano.* 
Experiments involved the _ end- 
quenching of bars and the correla- 
tion of cracking with cooling rates, 
hydrogen content and structures 
prevailing. Although quench-cracks 
were often found near the quenched 
ends (thought to reflect the pattern 
of intense stress), a zone of cracking 
occurred at distances where the 
cooling rate encouraged the forma- 
tion of “mixed” structures (i.e., 
bainite/martensite). Much of this 

cracking was of an “‘interlath”’ type. 

The fundamental critical end-of- 
transformation temperature of Cot- 
trell can thus be examined on the 
basis of mixed structure. Let us 
consider a particular example in a 
heat-affected zone with a given low- 
hydrogen, low-carbon content. If 
transformation is complete above 
250° C (482° F ), the structure, al- 
though initially mixed, has a strong 
chance of quench tempering its own 
martensite and so producing a more 
ductile matrix. However, in steels 
where ends of transformation occur 
below 250° C (482° F) but above 
some lower temperature (say 80 
100° C, 180—210° F ), structures con- 
taining increasing amounts of un- 
quench-tempered martensite will 
eventually obey the condition of the 
critical mixtures of ductile and 
deformation-resistant phases. 
Stresses raised by dislocation ar- 


Recent work by Low (Conference on Frac- 
ture, Maass., April 1959) has shown that, in lower 
bainites and tempered martensites, needle or 
lath boundaries provided a considerable percent- 
age of the fracture path, the remainder being 
minute cleavages. It is also interesting to note 
that in untempered martensite a large percentage 
of intergranular fracture (with respect to the 
parent austenite) is present. All the above 
observations were made after fracture at 78° K. 


Fig. 9—Cracking and inhomogeneity. 37 
KJ/in. under argon + 5% H, ({H] = 8.5 
ppm) on 7/, in. steel No. 1. Equiv. cool- 
ing rate at 300° C (572° F) = 10° C/sec 
(18° F/sec.). xX 200. (Reduced by '/, 
upon reproduction) 


rays in the ductile components, not 
damped out by plastic flow in the 
resistant (unquench-tempered ) prod- 
uct, lead to an “unzipping” of the 
lath intersections. Finally, ends of 
transformation below 80—-100° C 
(180-210° F) will generally result 
in structures predominantly un- 
quench-tempered martensite, and 
consequently a decreasing cracking 
tendency will be exhibited. (If 
cracking should occur in such struc- 
tures, as the highly stressed bar ends 
in the experiments of Troiano and 
co-workers showed, it will obviously 
propagate along areas of potential 
weakness, i.e., prior austenite and 
lath boundaries.) The mechanism 
of fissuring fits conveniently into the 
framework of the above mecha- 
nism. This may be done by rein- 
terpreting earlier work®! 8 
in terms of a continuous cooling 
version of Flanigan and Saper- 
stein’s susceptibility diagram: higher 
cooling rates® bring about im- 
munity—these will be principally 
low-carbon martensite; slow cool- 
ing rates do likewise by ensuring 
a ductile matrix. However, there 
exists an intermediate band (com- 
mencing at about 10° C, 18° F 

sec)—this much can be obtained 
from the previous work": *'—in 
which the critical mixture of phases 
is obtained. It is anticipated that 
for this to come about, segregation of 
carbon and manganese (in unalloyed 
deposits) around bainite laths would 
have to occur. This assures forma- 
tion, locally at least, of a deforma- 
tion-resistant higher-carbon marten- 
site. Localization, however, fits in 
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with the general picture of the fine- 
ness of the microcracking or fissuring 
observed. 

Finally, the instance of fissuring 
in higher-alloy deposits described by 
Jones®** must be considered. Here 
similar segregational effects must 
undoubtedly be present. In addi- 
tion, the complex relationship pre- 
sented between arc energy and fis- 
suring appears to be more strongly 
dependent upon cooling rate and 
alloy content than on restraint fac- 
tors. 

Consequently, one must not under- 
estimate at any juncture the im- 
portance of segregational effects, 
whether brought about during trans- 
formation or whether pre-existent 
(dendrite boundaries or banded 
areas in the weld metal or heat- 
affected zone, respectively ). 


Scope of Work and 
Experimental Details 


At the start of this research inves- 
tigation, it was anticipated that a 
finer control of the level of hydrogen 
content in test welds would best be 
obtained by welding in fixed partial 
pressures of hydrogen, rather than 
by using conventional covered elec- 
trodes: analysis of M. & R’s re- 
sults** by the former method indi- 
cated a greater unifcrmity of results 
(see Fig. 1). In fact, the somewhat 
alarming variation in hydrogen con- 
tent of welds made by basic covered 
(low-hydrogen) electrodes, observed 
at a later date by the present 
authors,*‘ confirmed the necessity 
to resort to this method of welding. 
With similar sampling methods { 
and apparatus as previously de- 
scribed,**~** the hydrogen partial 
pressures for the standardized arc 
conditions used throughout the 
chamber experiments have been re- 
lated to various grades and condi- 
tions of basic electrodes (Table 1). 

Two types of test assembly were 
used: bead-on-plate tests and 
C.T.S. tests.*° Table 2 represents 
the range of materials, thicknesses 
and types of tests covered. The 
welding wire, designated A, used 
throughout the work provided a 
weld metal of the composition given 
in Table 3. These levels were typi- 
cal of an all-weld-metal specimen 
made by the conventional argon- 
shielded process. 

A standardized heat input of 36 
38 KJ/in. of weld was maintained 


" Carbon-dioxide spray was maintained over 
the samples until they could be withdrawn 
from the chamber and quenched in the con- 
ventional manner.‘ This method probably 


retains a slightly higher level of hydrogen than 
the earlier one. 
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zone cracking or conventional fissur- 
ing was observed with cooling rates 
of 20° C/sec (36° F/sec) on steel 
No. 3( substandard) bead-on-plate 


Table |—Hydrogen Partial Pressures Related to Basic Electrodes 


Partial pressure py Hydrogen content, H Basic electrode 
2 


(atmospheres) ppm ml/100 g deposit range® 
0.02 5.3 5.8 (1) tests, with partial pressures up to 
0.05 8.5 9.4 (2) 0.2 atmospheres of hydrogen (equiv- 
0.10 12.0 13.2 (3) alent to 16.5 ppm of hydrogen). 
0.20 16.6 18.2 (4) This observation also applied when 
the cooling rate was increased to the 
® Range: (1) Good low-hydrogen deposit, made, for example, with electrodes dried at 400° C (750° order of 30° C/sec (54° F/sec) and 


decreased to the order of 12° C/sec 
(22° F/sec) at 300° C (572° F) by 
altering heat input. Porosity oc- 


F) for 1 hr or more (up to 6 ml/100 g). (2) Fairly good low-hydrogen deposit, made, for example, 
with better electrode in as-received state (6 to 9 ml/100 g). (3) Average low-hydrogen deposit, made, 
for example, with electrodes of lesser quality in as-received state (12 to 16 ml/100 g). (4) Poor low-hy- 
drogen deposit, made from electrodes in any state which yield more than 16 ml/100 g. 


Table 2—Plate Compositions 
Range of Tests 
Steel Cc Mn Ni Cr Mo Vv Si P Ss H° Thickness, in. conducted 
1 0.20 0.44 3.89 1.58 0.46 0.17 0.23 0.009 0.027 0.054 1/2, 7/s, 13/4 C.T.S.,°B-o-p? 
2 0.23 0.43 3.92 1.84 0.44 0.16 0.19 0.017 0.021 0.058 1/45 */2y 3/4, 7/0 C.T.S., B-o-p 
3 0.14 0.87 1.01 0.91 0.41 n.d.? 0.23 0.010 0.015 0.051 1/2, 7/s, 13/s C.T.S., B-o-p ‘ 
4 0.17 1.53 0.36 0.09 0.30 <0.03 0.18 0.020 0.026 0.022 1/9, 3/4, 7/s Few C.T.S. 


M1/100 g, max (1.1 ppm = 1 g). 
Not determined. 


© Controlled thermal severity. 
4 Bead-on-plate. 


Table 3—Composition of Weld Metal 


0.14 
1.16 
0.06 
0.020 


® Hydrogen determined on wire before welding. 


using a controlled-arc welding ma- 
chine throughout the experiments. 
This represents deposition in the 
globular transfer region—that is, 
the assimilation of deposits made by 
covered electrodes. 

Testing of the lower alloy steel 
No. 3 was governed by a scarcity of 
pieces of sufficient dimensions. Ac- 
cordingly, the standard bead-on- 
plate blank (10 x 6 in.) was replaced 
by a smaller blank (6 x 2'/, in.). 
Although a few full C.T.S. tests were 
made, many were performed ini- 
tially with steel No. 3 top plates on 
steel No. 1 or 2 bottom plates. In 
spite of many objections which 
might be raised to the latter proce- 
dure, it was felt that a general 
guide might be furnished to aid in 
the planning of the full-scale tests. 

The tests on steel No. 4 were con- 
fined to the C.T.S. type for a few 
selected conditions of welding atmos- 
phere, which are mentioned later. 

Attention was purposely devoted 
to the 4% Ni, 1.5% Cr steels—Nos. 
1 and 2—since they tend toward 
heat-affected zone cracking and 
were thought to be of sufficiently 
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high-alloy content to promote fissur- 
ing, under the appropriate condi- 
tions. Since this behavior was more 
regular than that of steel No. 3, a 
better understanding of the bound- 
ary conditions of the various types 
of cracking could be expected from 
using such materials. In addition, 
the results of the experiments are of 
valuable practical interest, in view 
of the trend to steels of higher 
strengths in structural welding gen- 
erally. 

Construction of the chamber has 
been detailed elsewhere.*’ A 
schematic view is given in Fig. 3. 


An Account of Preliminary 
Results Obtained 


The salient findings of the experi- 
ments, which used a standardized 
heat input of 36-38 KJ/in., repre- 
senting deposition in the globular 
transfer region, are as follows: 

1. Threshold heat-affected zone 
cracking is present at partial pres- 
sures of hydrogen of 0.02 atmos- 
pheres (equivalent to 5.3 ppm hy- 
drogen) for cooling rates above 5° 
C/sec (9° F/sec) on steel No. 1, 
whereas for partial pressures of 0.05 
atmospheres (7.8 ppm _ hydrogen) 
the cracking appears at an equiva- 
lent cooling rate as low as 2° C/sec 
(3.6° F/sec). No cracking was 
found after welding in commercial- 
purity argon with cooling rates be- 
tween 2 and 10° C/sec (3.6 and 18° 
F/sec). Steel No. 2 exhibits crack- 
ing at 20° C /sec (36° F/sec) for 0.02 
atmospheres of hydrogen, but crack- 
ing disappears when an argon atmos- 
phere is maintained. 

2. Neither threshold heat-affected 


casionally appeared at 0.2 atmos- 
pheres of hydrogen. 

3. Threshold heat-affected zone 
cracking is present even when com- 
mercially pure argon or carbon- 
dioxide atmospheres are maintained 
with cooling rates 5° C/sec (9° F, 
sec) and upward, using the C.T.S. 
test on steel No. 1. 

4. This cracking tendency is 
greatly increased when stress raisers 
are provided by inclusions or by 
lack of penetration. 

5. C.T.S. tests on steel No. 4 at 
lower cooling rates indicated that, 
for this material at least, the above 
local stress effect of lack of penetra- 
tion is more effective than 16.5 ppm 
of hydrogen in causing cracking. 
In fact, cracking is absent with the 
above hydrogen concentration where 
there is adequate penetration. 

6. C.T.S. tests using the top 
plates of steel No. 3 show that the 
effect of insufficient penetration is 
just barely apparent under argon 
atmospheres in causing fine weld- 
metal cracking or fusion-zone crack- 
ing at 20° C/sec (36° F/sec). It is 
interesting to note that with condi- 
tions as severe as 0.2 atmospheres 
of hydrogen (16.5 ppm) at 25° C/ 
sec (45° F /sec) at 300° C (572° F), 
only one example of (fine) heat- 
affected zone cracking has been 
found in the steel No. 3, whereas 
gross cracking occurs in the weld 
metal and in the heat-affected zone 
of steel No. 2 bottom plate. 

7. Full-scale tests on steel No. 3 
show that without the enriched weld 
metal** but with the insufficient 


** Which occurs with bottom plates of steels 1 
or 2. 
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penetration defect, fine weld-metal 
cracking occurs above cooling rates 
of 20° C/sec (36° F/sec) in argon 
atmospheres. Without the defect, 
an increase of 5° C/sec (9° F/sec) 
appears to be sufficient to bring 
about such cracking. 

The results of the experiments are 
expressed conveniently in the form 
of cracking diagrams (Figs. 4a to e). 
Cooling rates quoted above are 
estimated on the basis of the data of 
Cottrell and Bradstreet.* These 
figures were preferred throughout 
the present investigation for the 
following reasons: (a) transforma- 


tions in the 325-275° C (615-520° 
F) range occurring during the weld- 
ing render the measurement of the 
cooling rates difficult.t+ (6) There 


tt The results of Bradstreet and Cottrell** seem 
to suggest that either their instrument was not 
sufficiently sensitive to pick up the evolutions of 
latent heat concerned or the material they used 
was substantially free from transformations in 
this region 


Fig. 10—Heat-affected zone cracking in 
bead-on-plate test. 37 KJ/in. under 
argon + 2% H, ({H] = 5.3 ppm) on 7/; in. 
steel No.1. Equiv. cooling rate at 300° C 
(572° F) = 10° C/sec (18° F/sec). x 350 
(Reduced by */, upon reproduction) 


appears to be a definite variation of 
the values measured with the final 
distance of the thermocouple from 
the fusion line. This latter can be 
subject to change locally because of 
the irregular nature of globular 
transfer. Excellent agreement be- 
tween mean measured rates and pre- 
dicted rates” occurs on approaching 
the fusion line. 


Metallographic Study of Cracking 
Encountered 

All the welds exhibiting cracking 
in the preliminary survey were re- 
examined metallographically using a 
range of magnifications. A study 
was made of the morphology of these 
cracks, and particular emphasis 
was placed on obtaining photo- 
micrographs of typical examples of 
cracking in the heat-affected zone 
and in the weld metal. 

Certain features were common to 
all the examples studied: 

(a) Paths taken by cracks in their 
early stages are the junctions of lath 
assemblies. These do not neces- 
sarily coincide with original aus- 
tenite grain boundaries (Fig. 5). 

(6) Certain general areas are pre- 
ferred for these crack sites: (1) 
those adjacent to stress raisers 
such as crater edge, lack of pene- 
tration or fusion defects (Fig. 6), 
the fused “‘tongue’’ of a deposit, 
lines of nonmetallic inclusions gen- 
erally but not exclusively of the 
“stringy” sulfide or silicate type 
(Figs. 7 and 8)—and (2) those 
possessing chemical inhomogeneity 

for example, band junctions in the 
base plate and interdendritic areas 
in the weld metal such as areas of 
mixed structures (Figs. 9 and 10). 

c) Medium-sized cracks often 
finished when attempts were made 
by them to cross laths by what was 
probably the joining of microcracks 
(Fig. 10). The smaller cracks ap- 
peared to stop on a few occasions on 
reaching an assembly of laths all 
parallel to the general crack direc- 
tion. 

In the heat-affected zone the 
cracks appear to have started at 
intersections of areas of mixed struc- 
ture. These areas are probably 
composed of the following phases: 


1. Light-etching bainitic ferrite 
(fairly ductile) with darker 
interlath martensite (the high 
microhardness figure of these 
areas indicated that the mar- 
tensite involved is probably of 
a somewhat higher carbon con- 
tent, and it is therefore un- 
quench-tempered ). 

. Mainly martensitic areas, fre- 
quently but not essentially 
darker etching than the bainitic 
ferrite. 


The bainitic ferrite appears to grow 
in preferred areas, probably those of 
favorable austenite orientation, 
where a low-carbon band exists. 
However, the associated interlath 
martensite would still appear to be 
of equally high-carbon content as 
the predominantly martensitic 
grains which grow in areas associ- 
ated with high-carbon bands. Un- 
fortunately, since hardness is merely 
a measure of flow stress, it was not 
possible to distinguish between un- 
quench-tempered and quench-temp- 
ered martensite in these predomi- 
nately martensitic areas by a micro- 
hardness technique. 

A high-magnification study of the 
fine fissuring again revealed the 
interlath nature of failure occurring. 
Apart from two or three areas where 
microcracking in the’martensite was 
indicated (Fig. 9, lower right), the 
crack runs exclusively on an inter- 
lath path. Vertical streaks running 
across laths probably represent limbs 
of original dendrites. 

An interesting feature of several 
fusion zones is areas where austenitic 
growth has occurred from grains in 
low-carbon bands, these grains hav- 
ing similar orientations to those 
immediately adjacent in the weld 
metal. In certain cases, growth has 
occurred across several bands. It 
would appear that such areas, partly 
by virtue of their sizett and partly 


tt The stresses raised by the great number of 
dislocations piled up along one lath 
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Fig. 11—Gross weld-metal cracking. 37 
KJ/in. under argon + 20% H, ({H] = 16.5 
ppm) 25° C/sec (45° F/sec) at 300° C 
(572° F) trithermal C.T.S. test wire ‘‘A"’ 
on steel No. 3 top plate, No. 1 bottom 
plate. Showing one crack running from 
root of fillet and a second along parallel 
path. Note preference for intersection of 
areas of mixed structure. xX 200. (Re- 
duced by !/, upon reproduction) 
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because of their mixed structure, 
provide sites favorable to cracking. 

The principal defects occurring 
in the weld metal made with wire A 
on steel No. 3 were seen to be: 


(a) Weld-metal cracking, which 

often appeared to be started 
by lack of penetration at cool- 
ing rates above 20° C/sec 
(36° F/sec) or merely by the 
stress distribution at the root 
of the C.T.S. welds above 
25° C/sec (45° F/sec) (Fig. 
11). 
Small cracks associated with 
porosity, for higher cooling 
rates, as seen in bead-on-plate 
tests with low heat inputs— 
i.e., cooling rates greater than 
20° C/sec (36° F/sec) under 
atmospheres of 20% hydro- 
gen. 


Heat-affected zone cracking (having 
a similar morphology to that already 
described in steels Nos. 1 and 2) was 
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an uncommon occurrence in steel 
No. 3; only two examples were 
found in the 28 sections examined. 


Discussion and Conclusions 


Attention will now be devoted to 
the preliminary results currently 
reported and, in particular, to the 
variables represented on the cooling 
diagram: 

Hydrogen Content and Cooling Rate 
(in the light of the mode of cracking 
developed from the literature re- 
view). The aforegoing metallo- 
graphic evidence appears to conform 
to the structural requirements of 
this theory—namely, a “plastic” 
and a “‘nonplastic’’ phase, each of 
relatively high ultimate strength, 
along with a “lath” or grain-bound- 
ary region of somewhat lower 
strength. The first phase is typified 
by higher-temperature bainitic fer- 
rite, the second by higher-carbon 
martensites. Together with local 
stress amplification, these structural 


Fig. 12—Circumscribing surface of cracking for steel No. 1 (bead-on-plate tests) 
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features take part in propagation of 
cracking. 

The term “lath” or grain-bound- 
ary region must obviously embrace 
such discontinuities as inclusions, 
films and small pre-existing hot 
cracks. 

The principal structural features 
will depend, in the main, upon the 
cooling rate variable. (The specific 
effect, for example, of cooling rate 
upon end of transformation is al- 
ready predictable for several steels. 
Figure 13 shows such information 
for a variety of base and weld 
metals. ) 

Hydrogen must be regarded as 
having its major role during crack 
propagation, that is, as soon as an 
embryo crack has formed. How- 
ever, side roles affecting rate of 
work hardening and transformation 
must not be overlooked. Unfor- 
tunately, the effective hydrogen con- 
tent is itself dependent upon cooling 
rate, both from the viewpoint of hy- 
drogen loss to the atmosphere and 
to the base plate and from that of 
time available for hydrogen to con- 
solidate embryo cracks. Although 
both variables will promote crack 
propagation, it would appear that 
cooling rate is the more instrumen- 
tal because of its major effects on 
transformation. However, the com- 
bined"effect can best be described as 
a surface beyond which cracking be- 
comes visible using light micros- 
copy, Fig. 12. Experimental points 
for cracking in the heat-affected 
zone and in the weld metal are 
shown in this figure for beads of 
wire A deposited on steel No. 1. 
(Unfortunately, with the range of 
cooling rates considered, it was not 
possible to observe whether the 
surface eventually retreated at 
higher cooling rates—as predicted 
by the theory previously formu- 
lated.) 

We may attempt to separate 
stress imposed by the restraint pat- 
tern of the weld from the above two 
interdependent variables, hydrogen 
and cooling rate. This is effec- 
tively carried out by drawing sepa- 
rate diagrams for C.T.S., bead-on- 
plate, and any other type of test. 
Apart from major roles of stress in 
nucleation and in running estab- 
lished cracks, a side role, probably 
only less important by a degree, is 
its ability to widen transformation. 
Tensile stresses are known to raise 
B,® and M,.*' The effect upon end 
of transformation is open to specula- 
tion. The transformation of the 
remaining regions of austenite will 
probably be attempted along every 
available shear combination. In 
the presence of an external stress 
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system it is not unlikely, then, that 
depression of M, could arise by a 
dislocation cutting similar to work 
hardening. 

Thus an alternative means of 
attaining a critical mixture of 
phases might be brought about by 
the production of low- and high- 
temperature decomposition prod- 
ucts. However, the practical effect 
of stress appears as the movement of 
the cracking surface forward and 
sideward in line with the above 
effects, although its steepness prob- 
ably changes. Consequently, this 
movement will bring about the 
appearance of threshold cracking 
combinations of hydrogen contents 
and cooling rates of a relatively low 
order. Stress appears, to some ex- 
tent, to be acting in lieu of hydro- 
gen. 

Again, an interdependence of 
available hydrogen with strain com- 
plicates the picture, if we are to be- 
lieve that dislocations promote 
hydrogen diffusion’? as well as dif- 
fusion of other solute atoms.° 
However, the interdependent vari- 
ables will again have an additive 
effect on cracking. 

Although each of the diagrams 
drawn describes a particular com- 
bination of weld deposit and base 
plate, a range of materials is being 
dealt with jointly, unless their com- 
positions coincide (as is very nearly 
the case for a deposit made with wire 
A on the No. 3 plate material). 
Naturally, a cracking surface exists 
for each material. However, the 
practical implication need only be 
concerned with the circumscribing 
envelope of all such surfaces and how 
closely this approaches the limits of 
practicability. 


Recommendations 


To confirm the theory of cold 
cracking advanced from a review of 
the literature and substantiated in 
part by the current metallographic 
evidence, it would be useful to carry 
out high-resolution examination 
of the electron microscopic type—of 
the phases, the lath and grain- 
boundary features, and actual frac- 
ture faces concerned 
this type. 

However, for practical purposes, 
much information on relative weld- 
abilities could be obtained by build- 
ing up cracking diagrams for experi- 
mental base plates and weld de- 
posits. 

The problem of a noncracking 
higher-strength weld metal prob- 
ably revolves around composition. 
The occurrence of cracking associ- 
ated with segregational effects would 
seem to confirm this for the present 


in welds of 


welding wire. Assuming that pre- 
heat is not permissible, a systematic 
lowering of carbon content and pos- 
sibly the raising of the alloying con- 
tent, together with the addition of 
boron, probably constitute the most 
favorable means of attack upon the 
problem. 

Regarding the problem of a weld- 
able, medium- to high-strength base 
plate, the No. 3 steel does appear to 
hold considerable promise. On the 
grounds of the present experiments, 
steels Nos. 1 and 2 are virtually 
unweldable without preheat, if the 
particular size of bead used through- 
out present experiments is main- 
tained and if a true structural joint 
(i.e., one exhibiting restraint) is 
being considered. Admittedly, con- 
siderable dependence upon purity 
and homogeneity of the base ma- 
terials, in terms of the presence of 
nonmetallic inclusions and of band- 
ing, is indicated by the irregular oc- 
currence of cracking. However, un- 


less these can be minimized by 
specialized techniques such as 
vacuum degassing followed by con- 
tinuous casting, the lower-carbon, 
low-alloy steel (such as the No. 3 
type, with or without boron) must 
be considered as the most likely 
vehicle to approach “universal’’ 
weldability and higher strength 
simultaneously. 
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Exhaustion of Ductility of E-Steel in Tension 
Following Compressive Prestrain 


Experimental investigation indicates that a real reduction of ductility 
occurs at ambient temperatures as a result of large precompression 


BY D. C. DRUCKER, C. MYLONAS AND G. LIANIS 


ABSTRACT. Cylindrical bars of project 
E-steel were precompressed from 10 to 
47%. Unnotched 0.505 tensile spec- 
imens were machined from the precom- 
pressed bars. Some were kept cold to 
prevent aging, some were aged under 
load and some aged without load. All 
were tested at an ambient temperature 
of approximately 80° F. 

The reduction of ductility which oc- 
curred in most of the cases was appreci- 
able. In three of the specimens it was 
spectacular. One of the three suffered 
a complete tensile fracture on a cross- 
sectional plane at a strain of less than 
2 


Introduction 


The initiation and propagation of 
brittle fracture in large steel struc- 
tures under reasonably low stress 
conditions has been the subject 
of much study. Many approaches 
have been tried which have ad- 
vanced our understanding of the 
nature of the problem and the 
means which can be taken to reduce 
the probability of brittle fracture. 
A partial listing of the very extensive 
work of many investigators is con- 
tained in the bibliography of the 
references listed at the end of the 
paper. 

Our approach postulated that the 
first step was to initiate brittle 
fractures in the laboratory con- 
sistently under static conditions 
comparable to those encountered in 
service.! This opened the possi- 
bility of examining the macro- 
scopic aspects of the causes of brittle 
behavior in a quantitative manner. 
Direct tests could be made on the 
influence of particular variables of 
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The results presented in this paper were obtained 
in the course of research sponsored by the Ship 
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with the Bureau of Ships, Department of the 
Navy 


Fig. 1—Notched test plate with 
plastic-hinge pull heads 


interest such as size effect, residual 
stress, composition and treatment 
of material, etc. 

Brittle fractures under static load- 
ing were initiated appropriately 
in a number of ways?~‘ in notched 
but essentially unwelded plates of 
project E-steel, Fig. 1. The highest 
consistency has been achieved by 
precompressing the net section of 
the notched plate by a few percent 
at room temperature, in the oppo- 
site sense to the subsequent pull, 
and testing in axial tension at a 
temperature near the lower end 
(0° F) of the Charpy V-notch 
transition range. The test temper- 
atures employed were between 
—2° F and —14° F. Under these 
conditions, brittle failure initiated 
and propagated at average stresses 
well below virgin yield in almost 
every test. In one case, complete 
failure occurred at 12% of yield; 
in very many cases, a small arrested 
crack was heard to form at an aver- 
age stress of less than 20% of 
yield’. 


A similar result, but not as 
consistent nor as convincing at the 
time, was produced in earlier tests.’ 
Initially unstrained plates were 
pretensioned at room temperature 
and unloaded prior to pulling at 
low temperature. The average 
stress needed to initiate the fracture 
then was above virgin yield. It was 
however, usually well below the 
raised yield point due to the pre- 
tension. 

The tensile or compressive pre- 
straining of the specimens simulates 
field experience, because it is quite 
analogous to the straining which 
may occur around openings or 
imperfections in the process of 
fabrication or erection of large 
structures. 


Exhaustion of Ductility 


In both types of tests, in the vast 
majority of cases, fracture initiated 
in the region of the root of the notch 
when almost all of the net section 
was well within the elastic range. 
Strains away from the immediate 
vicinity of the notch were as low as 
0.0001 in the precompressed plates 
at fracture and were no more than 
0.0015 in the pretensioned plates 
when brittle fracture took place. 

There is no established way of 
assigning a strain-concentration fac- 
tor to the region of the root of the 
notch. Taking 20 as a large but 
not unreasonable factor, the strains 
in the immediate vicinity of the 
root are seen to have been between 
0.002 and 0.03. Certainly, the 
strain-concentration factor could be 
larger than 20 but there is no doubt 
that partial or complete fracture 
does occur consistently at strains 
of at most a few percent. 

The ductility of the metal appar- 
ently is exhausted by its previous 
strain history. However, ductility 
will vary with orientation and with 
the type and sign of the applied 
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stress. No more can be said from 
the plate tests than that the given 
strain history exhausts the ductility 
for the conditions of temperature, 
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stress and constraint in the vicinity 
of the root of the notch. 

Thus, once it became clear that 
fractures occurred consistently at 
very moderate strains, the next step 
was to make direct tests of ductility 
in the usual sense in the absence of a 
notch or other constraint. * 

It seems likely that a strain-con- 
centration factor of the order of 
20 applies to the notched plate pre- 
compression of a few percent as well 
as to the subsequent small tensile 
strain. Therefore, plans were made 
to study precompressions of up to 
50% or more. Effects of aging 
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Fig. 2—True stress vs. true strain. A comparison of 
embrittled specimens with ductile specimens 
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under load to simulate the metal- 
lurgical influence of a residual stress 
field, and of aging without load, also 
appeared important. 
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A preliminary series of tests of 
cylindrical bars has been run to 
duplicate, on a relatively large scale, 
the history of strain in the immediate 
vicinity of the root of the notch. 
Circular cylinders, approximately 
0.7 in. in diam and 6 in. long, were 
cut from the original */, in. plate. 
They were precompressed in steps 
of about 3% within a plastic cylin- 
der of small clearance to prevent 
buckling without excessive con- 
straint.‘ After each stage of com- 
pression, the bars were machined to 
their original cylindrical shape. 
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Precompression in the ranges 10, 15, 
20, 25, 30, 40 and 45% was chosen. 
Tension specimens of 0.505 in. 
diam were machined from the pre- 
compressed bars. Some were kept 
in a freezer to minimize aging, some 
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Fig. 4—Nominal stress vs. nominal strain. A comparison 
of embrittled and ductile specimens 
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were aged under load and some 


6 O7 


* Studies of the effect of precompression on the 
ductility of rather pure polycrystalline iron were 
in progress at the National Physical Laboratory 
in England, but were not known to the authors.* 
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Fig. 5—Nominal stress vs. nominal strain. 
unaged ductile specimens 
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without load. Aging consisted in 
keeping the specimen at 150° C 
for 1'/, hr. All tests were run at a 
temperature of approximately 80° F. 


Results 


Stress-strain curves are shown in 
Figs. 2 to 5 and the data of greatest 
interest is tabulated in Table 1. 
Plots of true stress vs. true strain 
(Figs. 2 and 3) show decreasing 
ductility, with increasing prestrain 
but, with three spectacular ex- 
ceptions, the ductility was large. 
Plots of nominal stress vs. nominal 
strain (Figs. 4 and 5), show that 
necking sets in very early and that 
the plastic deformation is far more 
highly concentrated in _—i~pre- 
compressed bars. Except for a 
raising of the stress levels, aging 
effects are far from clear in the stress- 
strain curves (Figs. 3 and 5). How- 
ever, the almost completely brittle 
fracture (Fig. 6), occurred in a 
specimen which was aged under 
load and precompressed by 40°. 
Figures 7 and 8 show the shear 
fracture in the unaged specimen and 
the partial fracture in the specimen 
aged under load at 46,000 psi. 


Conclusion 

Many more tests must be run at 
different temperatures before quan- 
titative conclusions can be drawn. 


Fig. 6—Very brittle fracture in specimen 
21 precompressed by 40% and aged 


at 76,000 psi 


Fig. 7—Shear fracture in specimen 23 


precompressed by 46.6% 


Fig. 8—Fracture in specimen 25 
precompressed by 30% and aged at 
46,000 psi 


However, it appears that aging in 
itself has a deleterious effect on 
ductility, while aging under high 
load clearly reduces ductility as 
measured by elongation in two 
inches. 

In all instances, a real reduction of 
ductility occurs at ambient temper- 
atures as a result of large pre- 
compression. In three instances, 
the term “exhaustion of ductility”’ 
applies quite literally. In one of 
the three a fracture occurred at 
1.7% local elongation. Its appear- 
ance was as brittle as any occurring 
in large structures. 

The important aspect of this 
failure is not only the small strain 
and the brittle appearance of the 
fracture, but also that it occurred in 
the absence of residual stresses, 
without any notch, and at a temper- 
ature at the top end of the transition 
range of the virgin material. 


Table 1—Precompressed Cylindrical Bars Tested in Tension at 80° F 


Precompression, 
Bar no. ‘ 


True stress at frac- 


ture, psi 


Bars 4, 8, 5, 3, 18, 17, 22 and 23 were kept in a freezer to retard aging 


4 
8 
5 
3 
18 
17 
22 
23 


114,000 
103,000 
106 ,000 
118,250 
107 ,000 
108 ,000 
110,000 
93,500 


Bars 7, 6, 16, 24, 20 and 19 were aged for 1'/, hr at 150° C under no load 


7 10.1 
6 
16 20 
24 29.9 
20 40 
19 45.6 


109,500 
109,500 
120,000 
113,200 
110,500 
111,000 


True Strain at frac- 
ture in(A,/A) 


won 


Elongation in 2 in., 


% 


0.570 
0.405 
0.350 
0.400 
0.325 
0.320 
0.285 
0.150° 


0.375 
0.380 
0.320 
0.335 
0.320 
0.250 


Bars 12, 10, 25, 13, 11, 9, 26 and 21 were aged for 1'/, hr at 150° C under stress as shown in last column (in psi) 


12 10.1 
10 15.3 
25 30 
13 10.1 
11 15.3 
9 20 
26 30 
21 40 


117,500 
111,000 
86 ,000 
109, 300 
110,000 
112,000 
110,000 
83,500 


0.890 
0.790 
0.161° 
0.735 
0.750 
0.670 
0.610 
0.017¢ 


0.365 
0.340 
0.132° 
0.350 
0.350 
0.245 
0.200 
0.034¢ 


@ Brittle-appearing shear fracture (Fig. 7). 
> Internal break (Fig. 8) 
¢ Brittle transverse fracture (Fig. 6) 
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10.1 
15.1 
20 
25.1 
30 
40.1 
46 
46.6 
0.740 
0.787 
0.710 
0.730 
0.655 
0.540 
45,000 
45,000 
46 ,000 
51,000 
59,000 : 
73,300 
76,000 
76,000 


As the properties of the pre- 
strained material appear to be of 
primary significance in initiation of 
fracture, the practical question must 
be raised in principle of the re- 
liability of the common acceptance 
tests on specimens of unstrained 
material. 
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Dangers of Arc Strikes and a Possible Remedy 


BY K. WINTERTON AND J. M. CORBETT 


Arc strikes on welding work are not 
uncommon though, in many cases, 
reasonable attempts are made to 
avoid them. It is perhaps not 
sufficiently widely known that these 
defects can act like notches and 
serve as extremely potent crack 
initiators. In at least one well- 
authenticated case they have led to 
catastrophic brittle failure. ' 

Recent work in the labcratories of 
the Physical Metallurgy Division 
has shown that single-spot arc 
strikes on a mild steel can cause 
brittle behavior in the bend test. 
The danger is particularly well 
shown by the drop-weight test, as 
has been pointed out elsewhere.’ 
In the present tests, using a carbon- 
manganese steel, it was found that a 
single-spot arc strike functions in 
the same way as the brittle deposit 
normally used in the drop-weight 
test to furnish a running crack. 

In fatigue tests made so far on 
mild steel, the arc strike does not 
seem to have much influence on 
endurance limit. It would be in- 
teresting to see if this is true also of 
more hardenable steels. 

The notch-like character of the 
arc strike is not so surprising when 
its structure is considered. Because 
of the extremely high quenching 
rates, high hardness may be ex- 
pected in the heat-affected zone. 
K. WINTERTON is Head and J. M. CORBETT 
is Temporary Metallurgist, Physical Metallurgy 


Division, Mines Branch, Department of Mines 
and Surveys, Ottawa, Canada. 


Even with mild steel, a martensite- 
like structure may be produced with 
a hardness of about 52 Rockwell C. 
Cracks may also be present, these 
being more common with electrodes 
of the E6010 classification than with 
E6016 type electrodes. There are 
two possible reasons for this in that 
the former give smaller amounts of 
deposited metal, and therefore pre- 
sumably higher quenching rates, 
and in addition the deposits are 
usually associated with higher hy- 
drogen contents. 

Following a suggestion of S. A. 
Agnew,* attempts have been made 
to repair arc strikes by the applica- 
tion of additional weld metal. 
Drop-weight samples were prepared 
in which single-spot arc strikes from 
E6010 electrodes were covered with 
convex button-shaped deposits from 
E6012 electrodes. No brittle frac- 
ture occurred at —73° C (the lowest 
convenient test temperature), al- 
though without the additional weld 
metal, the NDT temperature was 
—50° C. 

The button repair weld ob- 
literated the shallow deposit and 
heat-affected zone of the original 
arc strike. Any cracks formed orig- 
inally would therefore be removed. 
It is not known whether this com- 
plete removal is an essential feature 
of the repair. In any case, the 
heat-affected zone produced by the 
arc strike would at least be tempered 


*Department of Metallurgy, Lehigh University. 


by the added metal from a repair 
weld, and it is possible that a more 
favorable stress distribution is set 
up in addition. The size of the re- 
pair weld and the type of electrode 
used here would not be recom- 
mended for practical repair work for 
a carbon-manganese steel. Nor- 
mally, it would be necessary to se- 
lect the size of electrode, the type of 
electrode and the degree of preheat 
appropriate for the base material 
in order to produce a sound weld 
of adequate size, free of defects. 

No doubt, the more common line 
arc strikes, produced by dragging 
the electrode across the work, could 
be similarly repaired by depositing 
along their length, weld beads of 
adequate size and smooth contour. 
This would be a comparatively sim- 
ple operation, once their position 
had been noted during inspection. 

These preliminary results are 
presented at an early stage, as it is 
thought that practical use could be 
made of the idea. Obviously, at the 
moment, it is necessary to treat 
each case on its merits, and special 
care would have to be taken with the 
more easily hardenable steels. 
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Development of Oxidation- and 
Liquid-Sodium-Resistant Brazing Alloys 


lron-, chromium- and nickel-based filler metals 
are Studied during the course of this investigation for the 
brazing of 310 stainless steel to Inconel 


BY D. CANONICO AND H. SCHWARTZBART 


ABSTRACT. A program is reported 
which had as its objective the develop- 
ment of filler alloys for brazing 310 
stainless steel to Inconel at tempera- 
tures between 1750 and 1900° F, the 
joints to be resistant to oxidation and 
attack by molten sodium at 1650° F. 

Three metals—iron, chromium and 
nickel—-were selected from oxidation- 
and sodium-resistance considerations as 
the base metals from which to develop 
acceptable brazing alloys. From a 
study of all the available pertinent 
phase diagrams, 91 alloys were evalu- 
ated, of which 16 satisfied the flow- 
temperature and flowability require- 
ments of the program. 

T-specimens brazed with these 16 
alloys were subjected to an oxidizing 
atmosphere for 500 hours at 1650° F. 
Four alloys successfully withstood 
oxidation to a depth of less than 0.003 
in.; these contained nickel, chromium 
and germanium, and, in some cases, 
lithium. nickel-chromium-silicon- 
indium alloy also showed promise but 
did not quite meet the oxidation-resist- 
ance requirement. 

The erosion characteristics and room- 
temperature shear strengths were also 
investigated. 


Introduction 

The objective of this program, 
sponsored by the Wright Air De- 
velopment Center, was the develop- 
ment of alleys for the brazing of 
Inconel to stainless steel, the brazed 
joints to have good resistance to 
oxidation and attack by liquid so- 
dium at 1650° F. 

The service conditions to which 
the brazements were to be subjected 
required that the filler metal de- 
veloped meet several qualifications, 
many of them quite restrictive. In 
addition, the two requirements of 
resistance to attack by oxidation 
and molten sodium are somewhat in 
opposition in that some candidates 
D. CANONICO and H. SCHWARTZBART are 
associated with Lehigh University, Bethlehem, 


Pa., and Armour Research Foundation of the 
Illinois Institute of Technology, Chicago, II., 


respectively. 
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satisfy one requirement admirably 
but not the other. 

The conditions stipulated at the 
initiation of this program were: 

1. The base metals to be joined 
were 310 stainless steel to Inconel, 
both in sheet form. 

2. The flow temperature was to 
be between 1750 and 1900° F. 

3. The criterion for satisfactory 
flowability was that the filler metal 
flow for at least 3 in. along a 6-in. 
T-specimen. 

4. Brazed joints could not be 
oxidized to a depth greater than 
0.003 in. after 500 hr in static air at 
1650° F. 

The Liquid Metals Handbook and 
other previous work* was used as a 
starting point in the formulation of 
alloys. This work indicated that 
the following elements should be 
limited to a maximum content of 
5%: silver, gold, platinum, pal- 
ladium and copper because of poor 
resistance to molten sodium; man- 
ganese and molybdenum because of 
poor oxidation resistance. 


Brazing Apparatus and 
Procedures 

The brazing furnace utilized on 
this program is a resistance-wound 
split-tube furnace with an Inconel 
retort 48 in. long and 4in. ID. At 
1900° F a uniform temperature 
zone of +10° F, 10 in. long, was ob- 
tained. One end of the retort was 
surrounded by a water jacket to 
provide a cold zone into which the 
specimen was withdrawn prior to 
removal from the hydrogen atmos- 
phere. 

The brazing atmosphere was hy- 
drogen which passed from the tank 
through a platinum catalyst which 
converted any oxygen to water, 


* Slaughter, G. M.., et al., “Sodium Corrosion 
and Oxidation Resistance of High Temperature 
Brazing Alloys,” THe WeLpinc JouRNAL, 36, 
(5), Research Suppl., 217-s (1957) 


which in turn was removed in a 
liquid-nitrogen cold trap. The hy- 
drogen was then passed over ti- 
tanium sponge at 800° C, and thence 
into the brazing furnace, at which 
point the dew point was about —90° 
F. 

The T-specimens, composed of a 
vertical member of 0.025-in. thick 
Inconel sheet and a_ horizontal 
member of 0.025-in. thick 310 stain- 
less steel, were bound together with 
iron wire. The brazing alloy was 
placed near an end of the stainless- 
steel sheet. The T-specimen was 
set in an Inconel tray and the tray 
placed in the cold zone of the fur- 
nace. This operation was done 
while helium was flowing. Next the 
hydrogen was flowed through the 
furnace and the helium flow stopped. 
A purge time of 30 min was allowed 
before the specimen was moved to 
the hot zone (1900° F) of the fur- 
nace. The specimen was held in 
the hot zone for 30 min, then re- 
moved to the cold zone. 


Basis for Selection of Alloys 


An examination of the literaturet 
indicated that there are some eight 
elements that exhibit excellent re- 
sistance to liquid sodium at tem- 
peratures up to at least 900° C, 
and probably higher. These ele- 
ments are: (1) iron, (2) nickel, (3) 
niobium, (4) molybdenum, (5) tan- 
talum, (6) tungsten, (7) chromium 
and (8) cobalt. 

Two of these elements, molyb- 
denum and cobalt, were eliminated 
from consideration as base metals, 
the former on the basis of oxidation 
resistance. Three other elements, 
tantalum, tungsten and niobium, 
were eliminated for all practical 
purposes on the basis of their high 


+ Liquid Metals Handbook, Sodium-NaK Sup- 
plement, TID 5227, July 1955, Atomic Energy 
Commission, Department of the Navy, Washing- 
ton, D. C. 
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Table 1—Binary Diagrams Studied and the Eutectics Reported 


Eutectic 

Wt., % 
2498 

2012 

2759 

2372 

~2057 

2480 

1922 


— 


Temp., ° F 


Eutectic 
Wt., % Temp., °F Wt., % 
Sb 1148 
Si 2624 
Cr ~2966 
Ge 1562 
Nb 2840 
P 2304 


Minimum ~62% Ni and 2617° F 


~2444 
1976 


1985 
1337 


~68 Ti 
89 U 


Minimum at 31% V and 2675° F 


2426 
1836 
2192 
~2570 
2066 
1664 
923 
1616 


~84 Zr 
98.5 Sb 
50.5 Si 
~80 Ta 
66.8 Ge 


~1715 
1162 
2214 
~3056 
1427 


2023 


~17 Ni 
20 P 


Minimum at 60% Pd and 2259° F 


2318 
2007 
2106 
2066 
2480 
2372 
1751 
1400 
2197 
1762 


1301 
1958 
2309 
2120 
2552 
1886 
2030 
2030 


~68 Pr 
55 Sb 
17.5 Si 
42 Sn 

~60 Ta 
68.5 Th 

~65 Ni 
71 
27 1805 ~45 


Eutectic 


5 Si 


80 Ge 


83.8 Ni 


Ni 


- Eutectic — 
Temp., ° F Wt., % Temp., ° F 
2408 


1578 


~80 Ni 
~93 Pr 
38 Si 
2349 


2597 ~84 Ni 


melting points: 5425, 6170 and 
4379° F, respectively. This left 
three elements, Fe, Ni and Cr, from 
a practical standpoint, that could 
be used as a basis for developing 
oxidation and liquid-sodium-resist- 
ant alloys. 

Considering these three elements 
as base metals, all the pertinent 
available phase diagrams were re- 
viewed. Table 1 contains the bi- 
nary diagrams studied and the bi- 
nary eutectics reported. Of the 30 
systems studied, only 17 contain 
eutectic reactions that occur within 
a reasonable temperature range in 
respect to the limitations of this 
program. 

Only seven of the applicable eu- 
tectics occur within the temperature 
range of 1750 to 1900° F; these are 
Fe — 52% Sb (1836° F), Ni-— 29% 
Si (1767° F), Ni— 38% Si (1807° F), 
Ni-68.5% Th (1886° F), Ni 
71.5% Ti (1751° F), Ni-83% Zr 
(1762° F) and Ni-— 73% Zr (1805° 
F). Most of these binary eutectics 
contain large amounts of elements 
which by themselves have poor re- 
sistance to oxidation or attack by 
liquid sodium. However, some pos- 
sibility does exist that the properties 
of alloys of these elements with iron, 
chromium or nickel would not be as 
poor as the properties of the pure 
elements would indicate. Further- 


more, the requirements of the alloys 
to be developed were so restricting 
that no possibilities could be over- 
looked in the comprehensive screen- 
ing which was the mode of attack on 
this program. 

The eutectics that occur at tem- 
peratures above the 1900° F upper 
limit were also studied. In order to 
lower the temperature of these com- 
binations, a third and, in some in- 
stances, a fourth and fifth element 
were added as temperature depres- 
sants. Ternary or possibly quater- 
nary eutectics were sought. Bi- 
nary eutectics that appeared most 
feasible for consideration for an ap- 
proach of this nature are Fe-Ge, 


Fe-P, Fe-U, Fe-Si, Ni-Sb and Ni-Si. 
Alloys Prepared 


During the course of this work, 
91 alloys were prepared and evalu- 
ated. Table 2 lists all of the alloys. 
All 91 alloys were arc melted in 
water-cooled copper crucibles under 
an inert atmosphere. 

Six of the 91 alloys are binaries. 
These are Nos. 1, 2, 3, 4, 6 and 85. 
Their approximate liquidus tempera- 
tures are given in Table 2. Two of 
these alloys—namely, 1 and 4—had 
satisfactory melting ranges and were 
capable of flow for a distance greater 
than 3 in. These alloys will be 
further discussed. The remaining 


four alloys either had too high a 
melting range, as in the case of 
alloys 2, 3 and 6, or did not flow, as 
in the case of alloy 85. 

The first group of ternary alloys 
prepared had as their base nickel 
and chromium, both of which are 
resistant to liquid sodium. A bi- 
nary eutectic occurs in the Ni-Cr 
system at approximately 51% Cr 
and 2450° F. Twelve compositions 
were prepared by adding germanium 
as a temperature depressant in 
varying quantities to nickel-chro- 
mium combinations. This study 
produced alloys 7 through 12 of 
Table 2. Out of this group of 
twelve alloys, five melted at 1900° 
F or below: Nos. 9, 12, 14, 17 and 
18. Out of these five only No. 9 
flowed beyond the minimum three 
inches in a T-joint. This alloy, 
No. 9, will be discussed further. 

Again using germanium as a tem- 
perature depressant, twelve more 
alloys were prepared. These con- 
tained nickel and iron as their base. 
The Ni-Fe equilibrium diagram con- 
tains a minimum at approximately 
2615° F and 68% nickel. The 
Fe-Ge equilibrium diagram contains 
three eutectics at approximately 
20% Fe, 30% Fe, and 65.5% Fe. 
The temperatures are 1578, 1562 
and 2057° F, respectively. The 
twelve alloys prepared for this group 
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System 
Cr-P ~ 
Cr-Sb 
Cr-Si 
Cr-Zr 
Fe-Ge 
Fe-Ni 
Fe-V 
Fe-Si 20.5 Si 58 «Si 2206 
Ni-In ~40 In 
Ni-La ~8 Ni ~33 Ni 2093 
Ni-P 11 P 
Ni-Pd 
Ni-Pr ~18 Pr Pr 896 
Ni-Sb 36 Sb 5 Sb 
Ni-Si 11.5 Si Si 1807 ; 
Ni-Sn 32.5 Sn 
Ni-Ta ~37 Ta ae 
Ni-Th 20.5 Th oe 
Ni-Ti 38.5 Ni 
Ni-U 10.5 Ni ; 
Ni-Zr 17 Ni 2534 
| | 


Table 2—Alloys Investigated During the Course of This Study 


Alloy — 
No. Ni Cr Fe 
1 45.5 = 
2 65.6 
3 66.7 ‘a 
4 i 48 
6 64 
7 50 40 
8 40 40 
9 30 40 
10 20 40 
11 50 30 
12 40 30 
13 30 30 
14 20 30 
15 50 20 
16 40 20 
17 30 20 a 
18 20 20 ae 
19 30 Sia 50 
20 30 40 
21 30 30 
22 30 20 
23 20 60 
24 20 50 
25 20 40 
26 20 30 
27 10 70 
28 10 ou 60 
29 10 i 50 
30 10 ea 40 
31 55 20 os 
32 45 30 
33 35 40 
34 25 50 
35 60 20 
36 50 30 
37 40 40 
38 30 50 
39 65 20 
40 55 30 
41 45 40 
42 35 50 
43 60 30 
44 50 40 
45 40 50 
46 20 pee 75 
47 15 80 


Approximate 
solidus, 


——Composition, 4% 


Ge Si In Sb 
54.5 
34.5 
33.3 
52 
36 
10 
20 
30 
40 
20 
30 
40 
50 
30 
40 
50 
60 
20 
30 
40 
50 
20 
30 
40 
50 
20 
30 
40 
50 
25 
25 
25 
25 
20 
20 
20 
20 
15 
15 
15 
15 
10 
10 


Be Ti Li 


produced four alloys which have 
melting ranges below 1900° F. 
These are Nos. 22, 24, 26 and 30. 
None of these alloys flowed the mini- 
mum three inches. 

A third group of ternary alloys 
prepared contained silicon as a tem- 
perature depressant and _nickel- 
chromium as the base. No alloys 
having a melting range below 1900° 
F were obtained from this group. 
These alloys are numbered 31 
through 45. 

Finally, a fourth group of ternary 
alloys was prepared. These had as 
their base nickel and iron with rela- 
tively small quantities of beryllium 
added as a temperature depressant. 
The compositions are represented 
by alloys 46 through 55 of Table 2. 
No low-melting alloys were pro- 
duced. 

In an effort to induce wettability 


124s | MARCH 1960 


and also lower the melting point, 
a group of quaternary alloys were 
prepared. Indium in _ varying 
amounts was added to four ternary 
alloys previously studied. The four 
alloys used as a base were Nos. 8 
and 11 of the Ni-Cr-Ge series and 
Nos. 19 and 23 of the Ni-Fe-Ge 
series. The alloys prepared were 
56 through 66. The melting ranges 
of these alloys were lowered by the 
indium additions. Out of this group 
of eleven, One, namely No. 58, met 
the flow requirements for an accept- 
able brazing alloy. 

Four more alloys were based on 
alloy No. 23; these are 67 through 
70. Two of these, 67 and 68, con- 
tained silicon as the temperature 
depressant. The other two, 69 
and 70, had both silicon and indium 
added. None of the four met the 
melting point and flow limits neces- 


sary for acceptance. 

Alloys 71, 72 and 91 are the only 
three remaining ternary composi- 
tions to be discussed. Nos. 71 and 
72 are alloy 4 with 4.7% indium and 
lithium added, respectively. Alloy 
No. 71 melted and flowed beyond 
the minimum 3-in. length. Alloy 
No. 72 had just begun to melt but 
did not show any signs of flowing at 
1900° F. Because of its high ti- 
tanium content, an attempt was 
made to braze with alloy 91 in a 
helium atmosphere. The alloy did 
not melt at 1900° F. Hence, from 
this group of three alloys, one, No. 
71, melted and flowed satisfactorily. 

The next twelve alloys, Nos. 73 
through 84, were also based on pre- 
viously studied alloys. Indium or 
lithium was added in the amount of 
4.7% to every alloy starting with 
No. 73 and continuing through 82. 
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Table 2—Alloys Investigated During the Course of This Study (Continued) 


Alloy 
No. 


48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 


w 


Composition, “; 
Si In 


— 


~ 


CWNNWNN WN OW 


> 
NS 


Approximate 
solidus, 
F 


2100 
> 2200 


> 2200 
> 2200 
> 2200 
2200 
1900 
1850-1900 
1850-1900 
1900 
2000 
2000 
1900 
1900-2000 


The alloys in this group, by con- 
secutive pairs, are derived from Nos. 
12, 17, 18, 14 and 22, respectively. 
Alloys 83 and 84 are based on alloy 
No. 8. Number 84 has both indium 
and lithium added as temperature 
depressants. It is interesting to 
note that all of the alloys in this 
last group, except for 83 and 84, 
previously had a melting range be- 
low the maximum of 1900° F, but 
none flowed the minimum accept- 
able length. By the addition of 
small quantities of indium or lithium 
seven out of the ten alloys were 
found acceptable. These were 73, 
74, 76,77, 78, 80 and 81. Also, both 
alloys 83 and 84 have satisfactory 
melting ranges and flow character- 
istics. 

Alloys 86 through 90 had, as their 
basis, a commercially available oxi- 
dation-resistant brazing alloy which 


has a recommended brazing tem- 
perature higher than 2150° F, con- 
siderably above the maximum per- 
mitted on this program. Alloys 
86, 87 and 88 had indium additions 
of 9.1, 16.7 and 23%, respectively. 
The addition of 9.1 and 16.7% 
indium lowered the solidus of the 
original alloy to 1910 and 1940° F, 
respectively. Both alloys 86 and 
87 flowed the entire length (6 in.) of 
the T-specimens. Alloy 88 was not 
acceptable because of a high melting 
point. 

Alloys 89 and 90 had the same 
base as alloys 86 and 87, except that 
lithium was used as the temperature 
depressant. Neither alloy was 
found acceptable. 


Oxidation Studies 


A total of 16 alloys was found 
satisfactory in the melting and flow 


studies previously discussed. The 
oxidation resistance of brazements 
made with these filler metals was 
next determined by subjecting sec- 
tions of the T-specimens to static 
air at 1650° F for 500 hr. After the 
oxidation test was completed, the 
specimens were mounted, polished 
and photographed in the unetched 
condition. Specimens as_ brazed 
were also mounted and polished for 
comparative purposes. 

The results of the metallographic 
examinations are given in Table 3. 

Of the 16 alloys subjected to the 
oxidation evaluation, 4 were at- 
tacked to a depth less than 0.003 
in. These alloys were 9, 73Bf, 


t 73B is the low-melting portion of alloy 73 
This alloy melted and flowed leaving a heavy 
fillet near the site of alloy application and a thin 
fillet (B) along the remainder of the joint 
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16.6 50 16.8 16.6 = 
: 18.1 54.5 18.1 4.7 4.6 
16.6 50 16.7 8.4 8.3 
32 16 4.0 
a 


4. 


Fig 1—Photomicrograph of a_ T-joint 
brazed with Ni-40% Cr-30% Ge after 
500-hr static oxidation test at 1650° F 
(Alloy No. 9). X50. (Reduced by 40% 
upon reproduction) 


76 and 77. The compositions of 
these alloys are given in Table 2. 
The lower melting portion of 
alloy No. 9 flowed the minimum 
3 in. along one side of the T-joint 
only, leaving behind a high-melting 
skull. Figure 1 is a photomicro- 
graph of the oxidized specimen. 
Some small degree of attack has 
occurred but the depth is not greater 


Fig. 2—Photomicrograph of a _ T-joint 
brazed with Ni-28.6% Cr-28.6% Ge- 
4.7% Li after 500-hr static oxidation test at 
1650° F (Alloy No. 73B). X50. (Reduced by 
40% upon reproduction) 


than the 0.003 in. maximum. A 
comparison between the oxidized 
and unoxidized joint is given in 
Table 3. 

The second alloy that met the 
static oxidation requirement, alloy 
No. 73B, was derived from alloy 
No. 73 of Table 2. Alloy 73 
yielded a heavy fillet for about one- 
half of the distance that it flowed 


Table 3—Metallographic Observations of T-joints As-brazed and 
After Oxidation Evaluation at 1650° F for 500 Hr 


Alloy 
No. As-brazed 


1 Voids in fillets. 


conel 

4 No fillet. Filler metal flowed into cap- 
illary 

9 Formed only one fillet. Filler appar- 
ently brittle; brazement cracked 


through in specimen reviewed 
58 Formed only one fillet. 


boundaries 
71 Formed only one small fillet 
73A Sound brazement with large fillets 


73B Sound brazement with small fillet on 


one side 
74 Sound brazement 
76 Formed one large fillet 
77 Formed one large fillet which showed 


considerable cracking due to brittle- 


ness of filler metal 
78 Formed one large fillet 


80 Formed one large fillet 


81 Formed one large fillet 


83 Inconel severely attacked. No fillet or 


joint obtained 
84 Large voids in fillet. 
joint obtained. Inconel attacked 
86 Sound fillets 


87 Voids in fillets 


Penetration of filler 
metal into grain boundaries of In- 


Inconel se- 
verely attacked, particularly at grain 


Practically no 


After oxidation exposure 

Joint badly oxidized; almost total loss 
of strength of braze due to nearly 
complete oxidation of filler metal 

Complete loss of filler metal. Vertical 
leg separated from _ horizontal. 
Failure attributed mostly to poor 
original braze 

Oxidation attack to a depth of 0.001 in. 
(see Fig. 1) 


Filler metal completely oxidized 


Filler metal completely oxidized 
Deep oxidation attack, up to 0.014 in. 
No apparent attack (see Fig. 2) 


Fillets completely attacked 

Oxidation attack to a depth of 0.001 in. 
Some porosity in fillet (see Fig. 3) 

No apparent oxidation attack (see 
Fig. 4) 


Completely oxidized at base metal- 
filler metal interface zones 

Fillet attacked at surface and at base 
metal-filler metal interface zones 

Showed considerable attack along 
fillet surface 

Similar to as-brazed 


Similar to as-brazed 
Oxidation attack at fillet surfaces to 


a depth of 0.004 in. 
Complete attack of filier metal 
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Fig. 3—Photomicrograph of a T-joint 
brazed with Ni-19.1% Cr-47.6% Ge- 
4.7% Li after 500-hr static oxidation test at 
1650° F (Alloy No. 76). X50. (Reduced by 
'/, upon reproduction) 


Fig. 4—Photomicrograph of a_ T-joint 
brazed with Ni-19.1% Cr-57.1% Ge- 
4.7% Li after 500 hr static oxidation test at 
1650° F (Alloy No. 77). X50. (Reduced by 
'/, upon reproduction) 


and a thin fillet for the remainder of 
the flow distance. The heavy fillet 
failed during the oxidation tests. 
The thinner fillet, designated 73B, 
withstood the oxidizing atmosphere 
successfully. Figure 2 is a photo- 
micrograph of the oxidized braze 
in the thin fillet region (Alloy 73B). 

The third satisfactory alloy was 
No. 76. A photomicrograph of a 
joint brazed with this alloy, then 
oxidation-tested, is shown in Fig. 3. 
This alloy flowed on one side only 
and did not form any fillet on the 
opposite side. The appearance of 
the fillet, except for the slight 
amount of “raggedness’” on the 
fillet surface, is nearly identical 
to that seen in the unoxidized speci- 
men. A comparison of the oxidized 
and unoxidized joints is given in 
Table 3. This specimen was oxi- 
dized to a depth of about 0.001 
in. during 500 hr at 1650° F. 

A joint brazed with alloy No. 
77 is illustrated in Fig. 4. Although 
no attack by oxidation is evident, 
severe cracking can be seen, which 
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Table 4—Erosion Studies—Specimens Held at 1900° F for Various Lengths of Time 


Type 310 stainless steel 


30 min 60 min 
None None 
None None 
None None 
None None 
None None 
None None 
None None 


Very severe 
None 
Moderate 
None 

Very severe 
None 


Very severe 
None 
Moderate 
None 

Very severe 
None 


Moderate None 
None None 
None Moderate 


Alloy Inconel 
No. 10 min 30 min 60 min 10 min 
1 None? None None None 
4 Severe" Severe Severe None 
9 None None None None 
58 None None None None 
71 Severe Severe Severe None 
73 None Moderate Moderate None 
74 None None None None 
76 Moderate? Moderate Moderate Very severe 
77 Severe Severe Very severe* None 
78 Severe Severe Severe None 
80 None Severe Severe None 
81 Moderate Moderate Severe Very severe 
83 None None Moderate None 
84 None None carats None 
86 None None None None 
87 Severe Severe Severe None 


@ None, no apparent effect 


is due to the brittleness of the alloy. 
This cracking is also evident in the 
unoxidized specimen (see Table 3). 
Again, the filler metal flowed on one 
side only. 

The remaining thirteen alloys 
oxidation tested, Nos. 1, 4, 58, 
71, 73A, 74, 78, 80, 81, 83, 84, 86 
and 87, did not pass the oxidation 
requirement. Examination of the 
data presented in Table 3 reveals 
some generalizations concerning the 
effects of particular elements. 

Both of the antimony-bearing 
alloys that were oxidation-tested 
were completely attacked. These 
were alloy Nos. 4 and 71, which 
were composed of about one-half 
antimony. 

The cause of failure in six other 
alloys, Nos. 1, 58, 83, 84, 86 and 87, 
is associated with their high-indium 
contents. All six had more than 
9.1% indium, and the higher the 


Moderate, slight degree of erosion. 


indium content the greater the de- 
gree of attack. Alloy 86 has 9.1% 
indium, and alloy 87 has 16.7% in- 
dium. A comparison of the degree 
of oxidation in the two specimens 
shows alloy 86 to have withstood 
the oxidizing atmosphere to a much 
greater degree than alloy 87. 

As is pointed out in Table 3, 
cracking was observed in fillets 
made with alloys Nos. 9 and 77. 
The question may be raised if ger- 
manium is the cause of the brittle- 
ness in these alloys. Alloys 73 and 
76 also contained germanium and no 
cracking was observed in these 
alloys. In this connection, the 
bulk analysis of the filler metal is 
not of as much significance as the 
composition of the filler metal in 
the fillets, especially in those cases 
in which a high melting skull is 
left at the point of application of the 
filler metal or the specimen. Thus, 


Table 5—Single-lap Tension-shear Strength at Room Temperature 


Alloy Strength, 


No. psi Remarks 
1 — No strength—broke in handling 
4 16,6507 Specimen broke in Inconel due to erosion 
9 3,070 Nearly 100% braze—good flowability 
58 3,400 Nearly 100% braze—no apparent erosion to base metal—good flow- 
ability 
71 >4,400 About 40% brazed 
73 67,2007 Broke in Inconel at site of alloy application. Alloy that flowed into 
joint is probably that of 73B shown in Fig. 5 
74 68 ,5007 Broke in Inconel base metal—some erosion 
77 30 ,6007 Broke in Inconel at site of alloy application 
78 25 ,6007 Broke in Inconel at site of alloy application—erosion 
80 27,8507 Broke in Inconel at site of alloy application—erosion 
81 27, 700° Broke in Inconel which was eroded almost through 
83 39,2007 Broke in Inconel at site of alloy application 
84 2,530 100% braze—high melting point skull at site of alloy application 
86 5,700 About 33% brazed 
87 33,8007 Broke in Inconel at site of alloy application 
® For specimens which broke in the base metal the strength is computed by the load divided by the 


original area of the base sheet. The figure, therefore. reflects the degree of erosion. 
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Severe, about 50% of base sheet thickness eroded. Very severe, complete run through. 


the actual germanium content in 
the fillets is different from that 
reported in Table 2. 

In brazing sheet material, the 
solubility of the base metal in the 
filler metal during the brazing cycle 
can affect the suitability of the 
latter. In extreme cases, the base 
sheet can be completely dissolved 
or eroded during the brazing cycle. 

Erosion studies were conducted 

as follows on each of the sixteen 
alloys that passed the melting point 
and flow requirements. A 0.3-g 
sample of each alloy was placed on 
a */,-in. square coupon of the base 
materials used in this investigation 
Inconel and 310 stainless steel), 
heated to 1900° F, and held at tem- 
perature for 10, 30 and 60 min. 
These samples were then studied 
to determine the effect of the various 
alloys on the base metals under 
consideration. 

The data are presented in Table 
4. Of the four alloys that passed 
the static oxidation requirement, 
Nos. 9, 73, 76 and 77, the first two 
showed either no erosion or moder- 
ate erosion. Alloy 76 eroded the 
stainless steel, and alloy 77 eroded 
the Inconel, both to a high degree. 


Single-lap Tension-shear 
Properties 

Single-lap tension-shear specimens 
were brazed to determine room- 
temperature strength properties. 
The lap specimens to be brazed 
were made up of 0.025-in. thick 
pieces of Inconel and 310 stainless 
steel. The lap was approximately 
'/, in. sq. The brazing cycle used 
for the lap specimens was exactly 
the same as that for the T-speci- 
mens, 30-min purge, 30-min in the 
hot zone, and 30-min cool. Data 
collected from this study are given 
in Table 5. 
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Most of the brazements broke 
in the Inconel base metal at the 
site of filler-alloy application. The 
strengths cited were computed on 
the basis of the original cross-sec- 
tional area of the sheet. The values, 
therefore, reflect the amount of 
erosion which occurred. The braze- 
ments which broke through the filler 
metal failed at surprisingly low 
loads. This is probably somewhat 
due to the fact that the single-lap 
tension-shear test, because of its 
eccentricity, is particularly severe 
for brittle filler metals. It would 
have been interesting to determine 
the strength using a more concen- 
tric test specimen. 

Of the four alloys that have sat- 
isfactory oxidation resistance, alloy 
No. 76 was not tested, alloy Nos. 
73 and 77 broke in the base metal 


and alloy No. 9 broke through the 
filler metal. 


Summary 


Of 91 iron-, chromium- and nickel- 
based filler alloys evaluated during 
the course of this investigation for 
the brazing of 310 stainless steel to 
Inconel, 16 alloys satisfactorily met 
the melting point and flow re- 
quirements, which were that flow 
temperature be between 1750 and 
1900° F, and that the filler metal 
flow for at least 3 in. along a T- 
specimen. 

These alloys were also evaluated 
as to their oxidation resistance at 
1650° F, erosion characteristics, 
and room-temperature single- 
lap shear strength. Four alloys 
passed the oxidation resistance re- 
quirement that they not be oxi- 


dized to a depth greater than 0.003 
in. after 500 hr in static air at 
1650° F, as shown metallographi- 
cally. One of these four alloys con- 


tains nickel, chromium and ger- 


manium; and the other three con- 
tain nickel, chromium, germanium 
and lithium. Another promising 
alloy which almost met the oxida- 
tion resistance requirement con- 
tains 65% Ni, 18% Cr, 9% Si and 
9% In. 
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tions: 


ures. 
answer. 


the first three questions. 


Problem 2 is sometimes more difficult. 


Selection of Projects 


The Welding Research Council is receptive to new ideas for research projects from any source. 
Naturally before any project can be approved or undertaken, certain yardsticks have to be ap- 
plied. Forthe most part there are rather obvious yardsticks developed over the years: 


1. Is the Welding Research Council the best agency to undertake the work? 
2. Isthe problem a ‘“‘doable’’ one? 
3. Willit be possible to secure the necessary funds, talent and research facilities? 
4. \Isthe problem of broad general interest? 


The answer to question 1 is in most cases not too difficult as this question implies other ques- 


(a) What other agencies are working in this general field? 
(b) What work has already been done or is being done in the general field? 
(c) Isthere some other agency that could be considered a more logical agency? 


The answer to the third question, inasfar as funds are concerned, should be readily available. 
A project should not be undertaken unless the sponsors are willing to put up a third of the funds. 
In developing a program and budget one should have bids from at least two laboratories which in 
itself would provide part of the answer to this question. 
bers and the original sponsors should be secured. 

The answer to the fourth question is generally available as the result of securing the answers to 


The Welding Research Council believes, however, 
that before any experimental work is undertaken that a literature survey of existing information 
should be made by the investigator to learn what has been done before—the successes and fail- 
A breakdown of the problem into its fundamental elements should help provide this 


However the ideas of Committee mem- 
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~REGULA fORS & V CTROME! ERS 


give you precise contro/ and measurement of gases 


eee Victor regulators and flowmeters provide accurate, safe control and measurement of gases 
VICTROMETER used in industrial applications, such as welding and cutting; gas shielded arc welding; labora- 
tory work; atmosphere control; furnace operations, etc. For use with oxygen, air, argon, 


helium, nitrogen, hydrogen, carbon dioxide, and other gases. 


FEATURES: Construction—compact, sturdy design provides adequate capacity with 
minimum weight and size. 
VICTOR SINGLE-STAGE REGULATORS meet requirements of capacity and delivery pressure 
with minimum variation 
VICTOR TWO-STAGE REGULATORS are recommended for operations requiring constant 
delivery pressure over a range of varying inlet pressures. 
INDUSTRIAL VICTROMETERS provide reliable, efficient measurement of gas flow. Gauge 
is visible from all sides. Tubes and floats can be easily changed or adjusted for 
different gases and flow rates. 
P REGULATOR-VICTROMETER COMBINATIONS—Single or two-stage regulators may be com- 
yee bined with Victrometers making a compact unit that both regulates and measures 
REGULATOR-VICTROMETER gas flow. 
COMBINATION UNIT 


Specify Victor for your job. See your Victor dea/er or write us. 


VicIOR EQUIPMENI COMPANY 


Mfrs. of high pressure and large volume gas regulators; welding & cutting equipment; hardfacing rods 
blasting nozzies; cobalt & tungsten castings; straight-line and shape cutting machines 


844 Folsom St., San Francisco 7 * 3821 Santa Fe Ave., Los Angeles 58 + 1145 E. 76th St., Chicago 19 
J. C. Menzies & Co., Wholly-Owned Subsidiary 


For details, circle No. 37 on Reader Information Card 
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If you cut blanking dies, 
sprockets, cams, machine 
frames, gear blanks — 
irregular shapes of any kind 
from standard 96” mill plate 
— take a good look at the 
new Airco LINAGRAPH. 


to make your flame cutting jobs more profitable... 


the Airco LINAG RAP H ...backed by the most experience 


Airco Linagraph 
at the 
Welding Show 
April 26-28 
Los Angeles 
Airco Booth 303 


Using the pantograph principle — an Airco 
exclusive on multi-torch machines — the 
LINAGRAPH is so accurate and dependable 
that in most cases further finishing of flame- 
cut parts is not needed. The Aircotron trac- 
ing device helps make this possible by 
following a simple, low-cost paper drawing 
or templet. The tracing table itself moves 
easily on rollers, so that you can reposition 
the torches without moving the work. 


AIR REDUCTION SALES COMPANY 


A division of Air Reduction Company, incorporated 
150 East 42nd Street, New York 17, N.Y. 


Offices and authorized distributors in most principal cities 


LINAGRAPH Cuts steel plate up to 96” wide 
and 12” thick, using acetylene, natural or 
city gas, Or propane. LINAGRAPH requires only 
19’3” floor space. Additional lengths of rails 
and supports may be ordered, to accommo- 
date longer work. Right- or left-hand opera- 
tion is available. 

For complete information on the LINA- 
GRAPH, or any other machines in the com- 
plete Airco flame-cutting line, phone Airco. 


On the west coast— 

Air Reduction Pacific Company 
Internationally— 

Airco Company International 
in Cuba— 

Cuban Air Products Corporation 
in Canada— 

Air Reduction Canada Limited 

All divisions or subsidiaries 

of Air Reduction Company, Inc. 


For details, circle No. 38 on Reader Information Card 
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